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ABSTRACT
Beyer ,  Che r y l ,  M . S . ,  Spr i ng ,  1983 Fo r e s t r y
V e g e t a l  Rec ove r y  on M i n i n g - R e l a t e d  D i s t u r b a n c e s  in t he  
Al pi ne  Zone,  S t i l l w a t e r  Mining D i s t r i c t ,  Montana
E i g h t y - f o u r  m i n i n g - r e l a t e d  d i s t u r banc es  on I ron Mountain  
were l o c a t e d  and then exami ned  f o r  v e g e t a l  r e c o v e r y  
f o l l o w i n g  p e r t u r b a t i o n .  The paramet er  used to de t er mi ne  
r ecovery  was cover ,  measured by the p o i n t  i n t e r c e p t  method 
of  Levy and Madden ( 1 9 3 3 ) .  In o r d e r  t o p o s t u l a t e  what  
f a c t o r s  were most  c r i t i c a l  in t he  r e c o v e r y  p r o c e s s ,  t he  
s i t e s  were a l s o  d e s c r i b e d  a c c o r d i n g  t o a number  o f  
v a r i a b l e s ,  i n c l u d i n g  age ,  p a r e n t  m a t e r i a l ,  d i s t u r b a n c e  
i n t e n s i t y ,  s i z e ,  percent  s l ope ,  aspect ,  s o i l  t e x t u r e  and 
pH, and the g e n e r a l  s u r r o u n d i n g  n a t i v e  p l a n t  co mmuni t y .  
The main t echni que used f o r  e v a l u a t i n g  the r e s u l t a n t  data  
was c o r r e l a t i o n  a n a l y s i s  be t ween d i f f e r e n t  v a r i a b l e s ,  
f a c i l i t a t e d  by use of  computer  programs.
The mean o v e r a l l  cover  f o r  the d i s t u r b e d  s i t e s  on I ron  
Mo u nt a i n  were f a r  l o w e r  than v a l u e s  in s i m i l a r  but  
undi st urbed a l p i n e  tundra.  I t  i s  po s t u l a t e d  t h a t  al though  
t he  p r oc ess  o f  r e c o v e r y  i s  t a k i n g  p l a c e ,  i t  may r e q u i r e  
c e n t u r i e s  before cover  val ues are equal  to p r e - d i s t u r b a n c e  
va l ues .
S e v e r a l  v a r i a b l e s  showed some c o r r e l a t i o n  w i t h  c o v e r  
values.  These i nc l uded d i s t u r banc e  i n t e n s i t y ,  surroundi ng  
p l a n t  communi t y  t y p e ,  and a s p e c t .  In a d d i t i o n ,  some 
v a r i a b l e s  d i d  not  show any d i s c e r n i b l e  c o r r e l a t i o n  w i t h  
cover  but were s t i l l  consi dered c r i t i c a l  to the recovery  
pr oc e s s  because o f  e x t e n u a t i n g  c i r c u m s t a n c e s .  These  
i nc l uded slope and r e v e g e t a t i o n  e f f o r t s .
D i r e c t o r :  E. Ear l  W i l l a r d
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CHAPTER I
INTRODUCTION
Al p i ne  ranges are an i m p o r t a n t  w i l d l a n d  resource in 
the western Uni t ed St a t e s .  Located between t r e e l i n e  and 
permanent  snow, they are the uppermost  wat ersheds f o r  the
maj or  western r i v e r  systems and form summer h a b i t a t  f o r
many w i l d  an i ma l s .  They a l so  pr ov i de  summer gr az i ng  f o r
d o m e s t i c  l i v e s t o c k ,  m a i n l y  sheep.  A l p i n e  zones u s u a l l y  
make up a s i g n i f i c a n t  p r o p o r t i o n  of  the land area w i t h i n  
w i l d e r n e s s  a r e a s .  They a r e  a s our ce  o f  e n j o y m e n t  and 
i n s p i r a t i o n  to many p e o p l e  t h r o u g h  t h e i r  p o t e n t i a l  f o r  
h i k i n g ,  m o u n t a i n  c l i m b i n g ,  p a c k  t r i p s ,  s o l i t u d e ,
phot ography,  f i s h i n g ,  and hunt i ng ( T h i l e n i u s  1973) .  These 
areas have al so been found to c ont a i n  v a l u a b l e  mi ner a l  and 
f o s s i l  f u e l  resources (Brown e t  al  . 1978b) .
Due t o t he  r i g o r o u s  c l i m a t e ,  t h e s e  a r e a s  p r e s e n t  
s p e c i a l  management  p r o b l e m s .  N a t u r a l  r e c o v e r y  by p l a n t  
c o l o n i z a t i o n  and s u c c e s s i o n  a r e  e x t r e m e l y  s l o w ,  and may 
r e q u i r e  many decades or  c e n t u r i e s  ( Z w i n g e r  and W i l l a r d
1 9 7 2 ) .  Y e t ,  each y e a r ,  t h e s e  a r e a s  r e c e i v e  i n c r e a s i n g  
p r e s s u r e  f r om human a c t i v i t i e s .  A s u r v e y  by Brown and 
J o h n s t o n  ( 1 9 7 8 b )  showed t h a t  many o f  t h e s e  a c t i v i t i e s  
m o d i f y  t h e  l a n d s c a p e ,  o f t e n  r e s u l t i n g  i n  t h e  t o t a l
1
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d e s t r u c t i o n  of  the t o p s o i l  and sur f a c e  or gan i c  m a t t e r .  Of 
t he  a p p r o x i m a t e l y  t h r e e  m i l l i o n  h e c t a r e s  ( 7 . 4  m i l l i o n  
a c r e s )  of  a l p i n e  t u n d r a  i n t he  w e s t e r n  U n i t e d  S t a t e s ,  
a l m o s t  12% have  a l r e a d y  be en  d i s t u r b e d  and r e q u i r e  
r e h a b i l i t a t i o n  (Brown e t  a l .  1978b) .  The e x t e n t  of  a l p i n e  
di s t u r b a nc e  is expected to i n c r e as e  s u b s t a n t i a l l y  in the  
f u t u r e ,  and even now i s  a c c e l e r a t i n g  a t  a r a t e  t h a t  f a r  
e x c e e d s  t h e  r a t e  a t  w h i c h  k n o w l e d g e  o f  s u c c e s s f u l  
r e h a b i l i t a t i o n  t echni ques  is a c c umul a t i ng .  Because of  the 
unique c l i m a t i c ,  g e o l o g i c ,  and edaphi c  f e a t u r e s  of  a l p i n e  
r e g i o ns ,  standard a r t i f i c i a l  r e v e g e t a t i o n  procedures cannot  
be used (Brown and Johnston 1979) .  Thus,  the underst andi ng  
o f  n a t u r a l  v e g e t a t i o n  r e c o v e r y  i n  t h e s e  a r e a s  i s  
p a r t i c u l a r l y  i mp o r t a n t .
Because o f  t he  i m p o r t a n c e  o f  a l p i n e  a r e a s  as s t a t e d  
above,  these ecosystems w i l l  need c a r e f u l  mo n i t o r i n g  in the 
f u t u r e .  There has been an i ncr eas e  in a l p i n e  r e v e g e t a t i o n  
research in the past  ten ye a r s ,  but ,  except  f o r  the work of  
Ray Brown,  v e r y  l i t t l e  r e s e a r c h  has been co n d u c t e d  i n  
Montana,  a s t a t e  whi ch,  accor di ng to Bamberg (1961)  has a 
wide range of  a l p i n e  ecosystems . Most of  the resear ch has 
cent ered on problems in the New World Mi ni ng D i s t r i c t  a t  
the McLaren Mine near  Cooke C i t y  where Ray Brown has done 
much of  his work.
A s i g n i f i c a n t  p a r t  of  the S t i l l w a t e r  Mi ni ng D i s t r i c t ,  
of  which the S t i l l w a t e r  Complex i s  a p a r t ,  l i e s  w i t h i n  the
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a l p i n e  e c o s y s t e m  o f  t h e  B e a r t o o t h  M o u n t a i n s .  The  
S t i l l w a t e r  Mi ni ng D i s t r i c t  i s  g e o l o g i c a l l y  and e c o l o g i c a l l y  
d i s t i n c t  f r om t he  New Wor l d  M i n i n g  D i s t r i c t .  S i n c e  t he  
Complex i s  such a m i n e r a 1o g i c a 11y r i c h  a r e a ,  t h e r e  has been 
i ncreased m i n i n g - r e l a t e d  a c t i v i t y  over  the past  decade,  but  
onl y  a r e s t r i c t e d  amount of  r e v e g e t a t i o n  r esear ch has been 
done t h e r e .  A general  d e l i n e a t i o n  of  the c o n d i t i o n  of  past  
d i s t u r b a n c e s ,  t h e i r  a p p a r e n t  r a t e s  o f  r e c o v e r y ,  and any 
problems w i t h  r e v e g e t a t i o n  i s  needed.  This type of  broad 
o v e r v i e w  i s  n e c e s s a r y  b e f o r e  p r o b l e m s  r e q u i r i n g  more 
i n t e n s i v e  study can be i d e n t i f i e d  (Cain and Cast ro  1959) .  
The pr esent  study was developed to de s cr i b e  the na t ur e  of  
the v e g e t a t i o n  on the m i n i n g - r e l a t e d  d i s t u r b a n c e s  on I ron  
Mountain on the East  Boulder  P l a t e au .  S p e c i f i c  o b j e c t i v e s  
we r e :
1. To l o c a t e  and d e s c r i b e  t he  m i n i n g - r e l a t e d  
d i s t u r b a nc e s  on I ron Mount ai n,
2. To de scr i be  and survey the v e g e t a t i o n  on 
those s i t e s ,
3. To d e t e r m i n e  i f  r e c o v e r y  i s  t a k i n g  p l a c e ,
4. To observe what p l a n t s  are p a r t i c i p a t i n g  in 
the r ecover y  and to p o s t u l a t e  what  f a c t o r s  
might  be i n v o l v e d ,  and
5. I f  p o s s i b l e ,  to suggest  a p o s t - mi n i n g  p a t t e r n  
of  success i on.
ALPINE ENVIRONMENTS
Al p i ne  envi ronment s  are c h a r a c t e r i z e d  by s h o r t ,  co l d ,  
u n p r e d i c t a b l e  growing seasons;  l ong,  cold w i n t e r s ;  l ack  
o f  n u t r i e n t s ;  and g e n e r a l  i n s t a b i l i t y  i n c l u d i n g  s o i l -
f r e e z i n g  and f r o s t - h e a v i n g  c y c l e s  ( P r i c e  1 9 8 1 ) .  The 
v e ge t a t i o n  i s  c h a r a c t e r i z e d  by l o w- g r o wi n g  (ca.  20 cm. or  
l ess)  herbaceous and shrubby v a s c u l a r  p l a n t s ;  e x t e n s i v e  
mats o f  c r y p t o g a m s ;  and t he  a l m o s t  c o m p l e t e  absence  o f  
t r ees  ( T h i l e n i u s  1973) .  The low growth form a l l o w s  a l p i n e  
pl ant s  to take advantage of  the more f a v o r a b l e  env i r onment  
near  t he  ground ( P r i c e  1 9 8 1 ) .  A l s o ,  most  p l a n t s  in t he  
a l p i n e  t u n d r a  a r e  p e r e n n i a l s .  Annual  p l a n t s  c o n t r i b u t e  
l i t t l e  to a l p i n e  vege t a l  cover  or  to p r i ma r y  p r o d u c t i v i t y  
( B i l l i n g s  1979) .  The p e r e n n i a l  h a b i t  a l l o w s  compl e t i on  of  
l i f e  c y c l e s  w i t h i n  t h e  s h o r t  season a v a i l a b l e .  In some 
cases pr e - f o r me d  shoot  and f l o w e r  buds enabl e  speedy growth  
once c o n d i t i o n s  are f a v o r a b l e  ( B i l l i n g s  1974) .  Many of  the  
pl ant s  are ever gr een .  Thi s pe r mi t s  phot osy nt hes i s  to begin  
wi t hou t  the need of  f i r s t  growing l eaves .  I t  a l so  pr ov i des  
a st orage area f o r  food r eserves  ( P r i c e  1981) .
The r oot  systems of  a l p i n e  p l a n t s  are r e l a t i v e l y  l a r g e .  
Daubenmire (1941)  found the biomass of  s e l e c t e d  speci es  to 
have two to s i x  t i mes  more biomass below the ground than 
above i t .  Large r oot  systems are usef u l  f o r  food s t or age .  
They are e s s e n t i a l  f o r  o b t a i n i n g  moi s t ur e  dur i ng  dr ought y  
c o nd i t i on s .  Many a l p i n e  p l a n t s  have a d d i t i o n a l  a d a p t a t i o n s  
to d r y  c o n d i t i o n s ,  such as t h i c k  l e a v e s ,  c o r k y  b a r k ,  
succul ence,  and high osmot ic pressures ( P r i c e  1981) .
A l p i n e  e c o s y s t e m s  have o f t e n  been d e s c r i b e d  as 
" f r a g i l e , "  bu t  t he  o r g a n i s m s  t h e r e  a r e  w e l l - a d a p t e d  t o
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e f f e c t s  of  t he  n a t u r a l  c l i m a t i c  e n v i r o n m e n t s .  They and 
t h e i r  ecosystems are " f r a g i l e "  on l y  in t h e i r  cont a c t s  w i t h  
modern man w i t h  or  w i t h o u t  h i s  mach i nes  a n d / o r  d o m e s t i c  
l i v e s t o c k  ( B i l l i n g s  1979) .  Ecosystem r ecover y  r a t e s  f rom 
man-caused d i s t u r b a nc e s  by both n a t u r a l  and a r t i c i a l  means 
have been e x t r e m e l y  slow or ,  more commonly,  n o n - e x i s t e n t  
(Brown and Johnston 1978b) .
ALPINE RESEARCH I_N MONTANA
Among the e a r l i e s t  a l p i n e  s t ud i es  in the Uni t ed St a t es  
were t hose  o f  Rydber g in t he  b e g i n n i n g  o f  t h i s  c e n t u r y .  
His t h r e e  a r t i c l e s  on t he  p h y t o g e o g r a p h y  of  t he  Rocky  
Mountain a l p i n e  zone are r e l e v a n t  to Montana s i nce he made 
a number of  c o l l e c t i o n s  f rom the Ye l l owst one  Na t i ona l  Park  
r e g i o n  ( Pembl e  1 9 6 5 ) .  Hawk i ns  was a l s o  a p i o n e e r  in  
s t u d y i n g  a l p i n e  v e g e t a t i o n  in Mont ana .  He w r o t e  h i s  MS 
t h e s i s  in 1903 e n t i t l e d  The Al p i ne  FI ora of  Mont ana . Yet ,  
the obser va t i ons  made by Hawkins would be consi dered onl y  
q u a s i - s c i e n t i f i c  t oday .
More r ecent  s t ud i e s  i n c l ud e  Samuel Bamberg's MS t h e s i s  
on the p l a n t  ecol ogy of  a l p i n e  v e g e t a t i o n  in Montana and 
Wyoming ( 1 9 6 1 )  and h i s  PhD ( 1 9 6 3 )  on t he  e c o l o g y  o f  t he  
v e g e t a t i o n  and s o i l s  a s s o c i a t e d  w i t h  c a l c a r e o u s  p a r e n t  
m a t e r i a l  in the a l p i n e  r egi ons  of  Montana.  At about  the 
same t i m e  J o h n s o n  and B i l l i n g s  ( 1 9 6 2 )  s t u d i e d  t h e  
r e l a t i o n s h i p s  between v e g e t a t i o n  and pa t t e r n e d  ground on
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the Bear t oot h  P l a t eau near  the Wyoming-Montana s t a t e  l i n e .  
Choate (1963)  did an o r d i n a t i o n  of  the a l p i n e  v e g e t a t i o n  of  
Logan Pass,  G l a c i e r  Na t i ona l  Park,  f o r  her  Mast er ' s  t h e s i s .  
In 1965,  Pemble used herbar i um specimens f rom two western  
u n i v e r s i t i e s  and p l a n t s  c o l l e c t e d  in t he  summer of  1964  
f rom G l a c i e r  Na t i ona l  Park and the B i t t e r r o o t  Mountains to 
c o m p l e t e  h i s  MS on t h e  d i s t r i b u t i o n a l  p a t t e r n s  in t he  
Mont ana a l p i n e  f l o r a .  P h i l  S o u t h ,  Herb Gar n ,  and Leon 
Logan d e l i n e a t e d  ecosystems in the Absaroka and Bear t oot h  
Mountains f o r  the Uni t ed S t a t e s  For es t  Se r v i c e .  They used 
high e l e v a t i o n  a e r i a l  photographs w i t h  some ground checks 
(South e t  a l .  n.d. ) .  In 1974 Ernest  H a r t l e y  completed his  
PhD degree a t  Duke U n i v e r s i t y  on a study of  the v e ge t a t i o n  
r e s p o n s e  to h i gh  c o u n t r y  d i s t u r b a n c e  a s s o c i a t e d  w i t h  
r e c r e a t i o n  in G l a c i e r  Na t i o n a l  Park.
Dur ing the l a s t  10 y e a r s ,  Ray W. Brown of  the F o r e s t r y  
S c i e n c e s  L a b o r a t o r y ,  Logan,  U t a h ,  has been engaged in  
r e v e g e t a t i o n  work on v a r i o us  mine s p o i l s  in the Bear tooth  
M o u n t a i n s .  These s t u d i e s  have i n c l u d e d  such a s p e c t s  o f  
r e h a b i l i t a t i o n  as 1)  p l a n t  s u c c e s s i o n ,  2)  s p e c i e s  
a d a p t a b i l i t y ,  3) c h a r a c t e r i z a t i o n  o f  m i c r o e n v i r o n m e n t a l  
f a c t o r s ,  4 )  r e v e g e t a t i o n  t r i a l s  by s e e d i n g  and  




The bulk of  t undra r e h a b i l i t a t i o n  e x per i e nce  has been 
gained in a r c t i c  r egi ons (Brown and Johnston 1979) .  That  
very  l i t t l e  resear ch has been done on the r e h a b i l i t a t i o n  of  
d i s t u r b e d  a l p i n e  tundra i n d i c a t e s  to Johnston e t  a l .  (1975)  
t h a t  p l a n t  c o mmu n i t y  r e c o v e r y  may t a k e  f r om t en t o  a 
t hous a nd  t i m e s  l o n g e r  t han in e n v i r o n m e n t s  a t  l o w e r  
e l e v a t i o n s .  Al so ,  accordi ng to these a u t h o r s ,  because of  
t h e  s e v e r e  n a t u r e  o f  t h e  e n v i r o n m e n t ,  a c c e p t e d  
r e h a b i l i t a t i o n  p r a c t i c e s  a t  l o we r  e l e v a t i o n s  have g e n e r a l l y  
not  been successf ul  in a l p i n e  areas.
One o f  t he  e a r l i e s t  document ed  a l p i n e  s e e d i n g  and 
t r a n s p l a n t i n g  e f f o r t s  was c o n d u c t e d  i n  C o l o r a d o  by 
H a r r i ng t on  (1946) .  Ha r r i ng t on  found t h a t  both the seeding  
and t r a n s p l a n t i n g  o f  n a t i v e  s p e c i e s  wer e  s u c c e s s f u l  in 
i n i t i a t i n g  n a t u r a l  s u c c e s s i o n  o f  v e g e t a t i o n  (Brown and 
Johnston 1976) .  However ,  onl y  in the l a s t  ten years  or so 
has r e v e g e t a t i o n  r esearch in a l p i n e  regi ons  come i n t o  i t s  
own.  T h i s  i n c l u d e s  work not  o n l y  in t h e  s o u t h e r n  Rocky  
Mount a i ns ,  but  a l so in New Hampshi re,  the west ern Uni t ed  
St a t e s  and Canada.  The growth of  i n t e r e s t  in t h i s  sub j e c t  
has been r e f l e c t e d  by the i n c r e a s i n g  p a r t i c i p a t i o n  in the 
High A l t i t u d e  R e v e g e t a t i o n  Workshops a t  C o l o r a d o  S t a t e  
U n i v e r s i t y  (Brown and Johnston 1979) .
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PAST RESEARCH ON IRON MOUNTAIN
Research in r e h a b i l i t a t i o n  of  a l p i n e  d i s t u r b a n c e s  in 
the Bear t oot h Mountains was begun in 1972 by Ray W. Brown,  
and seedi ng methods and amendments resear ch was s t a r t e d  in 
the f a l l  o f  the same year  on I ron Mountain.  T r a n s p l a n t i n g  
of  n a t i v e  speci es has a l so been t e s t e d  as a r e v e g e t a t i o n  
t echni que on I ron Mountain since 1972.  Resul t s  have not  
been publ i s hed .  Each year  seeded p l o t s  are moni t or ed  and 
as se s s ed  t o  d e t e r m i n e  t he  e f f e c t  o f  v a r i o u s  s p e c i e s  
m i x t u r e s ,  f e r t i l i z e r  a p p l i c a t i o n ,  o r g a n i c  m a t t e r  amend­
ments,  and t o p s o i l  a p p l i c a t i o n s  on the devel opment  of  p l a n t  
c o v e r .  I n d i v i d u a l  i n t r o d u c e d  and n a t i v e  s p e c i e s  t r i a l s  
were i n i t i a t e d  in 1975 t o d e t e r m i n e  t h e i r  p e r f o r m a n c e s  
under a l p i n e  c o n d i t i o n s  (Brown and Johnston 1976) .
P l a n t  success i ona l  p a t t e r n s  are a l so  being s t ud i ed  on 
I r o n  M o u n t a i n  and i n  o t h e r  l o c a t i o n s .  S t u d i e s  i n d i c a t e  
t h a t  the r a t e  of  c o l o n i z a t i o n  is i n f l u e n c e d  p r i m a r i l y  by 
t h r ee  f a c t o r s :  s o i l  wat er  a v a i l a b i l i t y ,  s o i l  c h e m i s t r y ,
and age of  d i s t u r b a n c e .  Some o l d e r  d i s t u r b a n c e s  (about  30 
years of  age)  show no v a s c u l a r  p l a n t  c o l o n i z a t i o n .  Brown 
and Johns t on  ( 1 9 7 9 )  f ound t h a t  t he  s p e c i e s  t h a t  a r e  most  
successful  on a l p i n e  d i s t u r ba nc e s  are those t h a t  occupy the 
e a r l y  stages of  p l a n t  success i on,  namely the gr asses ,  some 
sedges,  and a few f o r b s .
Presupposing an o r d e r l y  p a t t e r n ,  Brown and Johnston 
( 1 9 7 6 )  r e p o r t e d  t h a t  t he  r o l e  o f  p l a n t  s u c c e s s i o n  i s
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v i t a l l y  I m p o r t a n t  in the e s t a b l i s h m e n t  of  a p l a n t  cover  on 
a l p i n e  d i s t u r b a n c e s  and s hou l d  be used as a g u i d e  t o t he  
p 1 a n t  m a t e r i a l s  w h i c h  s h o u l d  be s e l e c t e d  f o r  
r e h a b i l i t a t i o n .  They f u r t h e r  s u g g e s t e d  (Brown e t  a l .  
1978a) t h a t  l o n g - t e r m  i n t e r a c t i o n s  between p l a n t  speci es  
and e n v i r o n m e n t a l  c o n d i t i o n s  on a l p i n e  d i s t u r b a n c e s ,  
p a r t i c u l a r l y  t he  i m p a c t s  on p l a n t  s u c c e s s i o n ,  s hou l d  be 
s t u d i e d .  Be s i d e s  t h o s e  o f  Brown,  o n l y  a f ew s t u d i e s  
(Howard 1978,  Wheel er  1981)  have looked a t  the p o s s i b l e  
complementary r o l e  t h a t  p l a n t  succession mi ght  p l a y  in the 
r e h a b i l i t a t i o n  of  h i g h - e l e v a t i o n  d i s t u r b a n c e s .
In a d i s c u s s i o n  o f  p l a n t  s u c c e s s i o n  a t  t h e  McLaren  
Mi n e ,  Brown and Johns t on  ( 1 9 8 0 )  d e s c r i b e d  t he  p l a n t  
communi ty on the mine as being of  an e a r l i e r  success i ona l  
st a t us  than the n a t i v e  und i s t ur bed  communi ty a d j a c e n t  to 
the mine.  P l a n t s  on the mine are ma i n l y  bunchgrasses and 
sedges ,  wh er e a s  t h o s e  i n t he  u n d i s t u r b e d  c o mm u n i t y  are  
p r i m a r i l y  f o r bs .  A success i ona l  sequence of  devel opment  in 
the McLaren Mine area can be appr ox i mat ed as a pr ogr ess i on  
f rom communi t i es composed p r i m a r i l y  of  grasses to those  
composed p r i m a r i l y  o f  f o r b s .  The r e v e g e t a t e d  s t a nd  can 
then be e v a l u a t e d  over  t i me  as i t  progresses between these  
two ext remes.  Thi s  approach pr ov i des  a q u a n t i t a t i v e  means 
f o r  c a l c u l a t i n g  and a d j u s t i n g  l e v e l s  of  subsequent  c u l t u r a l  
t r e a t m e n t s  needed t o  m a i n t a i n  t he  r a t e  o f  d e s i r e d  s t and
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devel opment  (Brown and Johnston 1980) .
CHAPTER I I
DESCRIPTION OF THE STUDY AREA 
The study area i s l o c a t e d  on the East  Boulder  P l a t eau  
i n t he  B e a r t o o t h  M o u n t a i n s ,  s o u t h c e n t r a l  Montana ( Mt .  
Dougl as  1 : 6 2 , 5 0 0  quad) .  I r o n  M o u n t a i n ,  composed o f  I r o n  
M o u n t a i n  South a t  3 , 0 7 5  m e t e r s  ( 1 0 , 0 8 8  f e e t )  and I r o n  
Mountain North a t  3,046 met ers  ( 9 , 994  f e e t ) ,  forms a double  
cone of  g e n t l e  a l p i n e  t e r r a i n  ( P l a t e  1).  Whi l e  most of  the 
v e g e t a t i o n  on t he  Eas t  B o u l d e r  P l a t e a u  i s  s u b a l p i n e ,
t r e e l e s s  a l p i n e  " tundra"  i s  found on the tops of  Chrome and 
I ron Mountains.  The study s i t e ,  202.5 hect a r es  (500 acres)  
of  a l p i n e  h a b i t a t ,  i s  d e l i n e a t e d  f rom ecosystems below by 
t r e e  l i m i t :  the upper l i m i t  of  t r e e s  and shrubs more than
about  two meters t a l l  (Wardl e  1974) .  I t  i s a c c es s i b l e  by 
an u n i mp r o v e d  road f r om Nye.  A good q u a l i t y  d i r t  road  
s k i r t s  the base of  I r on Mountain on the nor t hwe s t  side and 
c o n t i n u e s  around t he  s out h  s i d e  j u s t  above t r e e  l i m i t .  
Spur  r o a d s ,  many o f  wh i ch  a r e  p a s s a b l e  i n t he  summer by
t w o - w h e e l  d r i v e  v e h i c l e s ,  b r anch  o f f  f r om t he  main d i r t
road .
I r o n  Mo u n t a i n  i s  l o c a t e d  on t he  S t i l l w a t e r  D i v i d e .  
Water  d r a i n s  to the eas t  by way of  I ron Creek and Crescent  
Cr e ek  t o t he  West  Fork  o f  t he  S t i l l w a t e r  R i v e r  and
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Plate I. Map of Iron Mountain Study Site
Cheryl Beyer, September 1981
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e v e n t u a l l y  to the Ye l l owst one  R i ve r .  To the wes t ,  wat er  
dr a i ns  v i a  an unnamed creek to the East  Fork of  the Boulder  
R i v e r  and t h e n c e  t o t he  Main B o u l d e r  R i v e r  wh i ch  a g a i n  
d r a i n s  i n t o  the Ye l l owst one .
GEOLOGY
The B e a r t o o t h  M o u n t a i n s  l i e  n o r t h e a s t  o f  t h e  
Ye l l owst one  P l a t e au  and nor th of  the Absaroka Mountains of  
Wyoming,  f rom which they are separ at ed by the C l a r k  Fork of  
the Ye l l owst one  R i ver .  The bold n o r t h e a s t e r n  f r o n t  r i s e s  
1,220 to 1,524 meters (4 , 000 to 5,000 f e e t )  above the Great  
P l a i n s  t o  t he  e a s t  ( T h o r n b u r y  1 9 6 5 ) .  The r ange c o n s i s t s  
e s s e n t i a l l y  o f  a cor e  o f  P r e c a m b r i a n  g r a n i t e  and g n e i s s  
f l a nk e d  by the Precambr ian S t i l l w a t e r  Complex and Pa l e oz o i c  
and Me s o z o i c  s e d i m e n t a r y  r o c k s .  These u l t r a m a f i c  and 
s ed i ment ar y  rocks once covered the c o n t i n e n t a l  c r u s t  in the 
B e a r t o o t h  P l a t e a u ,  and d u r i n g  t he  L a r a m i d e  o r o g e n y  s l i d  
down i t s  s l o p i n g  s u r f a c e  l i k e  a s l a b  o f  snow o f f  a t i n  
r o o f .  A f e w r e mn a n t s  of  t he  o r i g i n a l  s e d i m e n t a r y  c o v e r  
stayed behind to form high peaks near  the nor t h  end of  the 
B e a r t o o t h  P l a t e a u  j u s t  as chunks o f  snow may s t i c k  t o a 
r oof  t h a t  i s  shedding i t s  load.
I ron Mountain l i e s  w i t h i n  the genera l  boundary of  the  
S t i l l w a t e r  Complex,  a h i g h l y  m i n e r a l i z e d ,  i n t r u s i v e  body of  
Precambr i an age (Page 1977) ,  c o n t a i n i n g  one of  the wor l d ' s  
r i c h e s t  c o l l e c t i o n s  of  m e t a l l i c  m i n e r a l s  (Stoneberg 1976) .
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The met a l s  are w i d e l y  d i s s e mi na t e d  and are found onl y  in 
low c o n c e n t r a t i o n s .  The rocks of  I ron Mountain Nor th are  
composed p r i m a r i l y  o f  t he  b r o n z i t i t e  member  o f  t he  
u l t r a m a f i c  z one ,  and a r e  f ound to be m a i n l y  p y r o x e n e s ,  
w h i l e  I ron Mountain South,  l y i n g  in the ho r n f e l s e d  zone,  
cont a i ns  numerous lenses of  bl ue m e t a q u a r t z i t e  and banded 
i r on f o r ma t i on  ( B I F ) .
CLIMATE
Very few c l i m a t i c  data are a v a i l a b l e  f o r  the Bear t ooth  
P l a t e a u ,  but  i t  i s  known t h a t  r a d i a t i o n  l o a d s  a r e  h i g h ,  
a v e r a g e  t e m p e r a t u r e s  a r e  l o w ,  wi nds  a r e  h i g h ,  and t he  
g r o w i n g  season i s  s h o r t  ( J o h n s t o n  e t  a l .  1 9 7 5 ) .  The 
B e a r t o o t h s  a r e  i n f l u e n c e d  by c o n t i n e n t a l  and P a c i f i c  
c o a s t a l  c l i m a t e s  a n d ,  l o c a l l y ,  by a l t i t u d e .  Snow 
accumul ates t hroughout  the w i n t e r  and may occur  dur i ng any 
month o f  t he  y e a r .  The h e a v i e s t  p r e c i p i t a t i o n  i s  i n  t he  
spr i ng ( Cr owl ey  1982) .  Annual p r e c i p i t a t i o n  i s  e s t i m a t e d  by 
Brown and Johnston (1976)  to range between 1,140 and 1,525  
mm (45 to 60 i nches) .  The amount of  p r e c i p i t a t i o n  which 
e n t e r s  the ground is e x t r e m e l y  v a r i a b l e ,  as i n f l u e n c e d  by 
wind scour and d r i f t  p a t t e r n s .  Even though a l p i n e  areas  
r e c e i v e  r e l a t i v e l y  high amounts of  p r e c i p i t a t i o n  a f t e r  the 
spr i ng snowmel t ,  the na t ur e  of  env i r onme nt a l  c o n d i t i o n s  on 
d i s t u r b e d  s i t e s  can c r e a t e  r a t h e r  x e r i c  s i t u a t i o n s  f o r  
p l a n t  growth (Johnston e t  a l .  1975) .
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S i m i l a r  to t h e  annua l  p r e c i p i t a t i o n ,  t h e  g r o w i n g  
season is a l so  v a r i a b l e ,  being between 45 and 90 d a y s - - o n l y  
t en  days l o n g e r  t han  t h a t  o f  B a r r o w ,  A l a s k a  ( B i l l i n g s
1973)  —  w i t h  cool  t e m p e r a t u r e s  and h i gh  s o l a r  r a d i a t i o n .  
I n d e e d ,  f r o s t  may o c c u r  i n  any  mo n t h  o f  t h e  y e a r .  
P r e v a i l i n g  wi n ds  a r e  f r o m t h e  s o u t h w e s t  t h r o u g h  wes t  to  
nor t hwest  t hroughout  the year .  The l o we s t  wind v e l o c i t i e s  
u s u a l l y  occur  dur i ng l a t e  Ju l y  and e a r l y  August .  The mean 
v e l o c i t y  in t h e  summer season o f  1958 was 8.9 mph,  w i t h  
gusts f r e q u e n t l y  over  50 mph (Johnson and B i l l i n g s  1962) .
SOIL
T o p o g r a p h y  i n  a l p i n e  r e g i o n s  i s  u s u a l l y  s t e e p ,  
a l l o w i n g  f o r  good dr a i nage  of  s o i l ,  but  a l so  emphasi z i ng  
eros i on and mass was t i ng .  The cold t e mp e r a t u r e s  i n h i b i t  
b i o t i c  a c t i v i t y ,  but  d u r i n g  t h e  s h o r t  summer season  
v e g e t a t i o n  grows s u f f i c i e n t l y  to b u i l d  up an or ga n i c  mat or  
t u r f .  D i ur na l  t e mp e r a t u r e  f l u c t u a t i o n s  produce f r e e z e - t h a w  
phenomena such as p h y s i c a l  w e a t h e r i n g  and p a t t e r n i n g  
( R e t z e r  1 9 7 4 ) .  On t h e  more l e v e l  a l p i n e  p l a t e a u s  and 
r i d g e s ,  p o l y g o n s  and s t o n e  s t r i p e s  o c c u r  ( Bamberg 19 6 1 ) .  
On the Bear t oot h  P l a t e a u  they  are no l onge r  a c t i v e  but ,  f o r  
the moment at  l e a s t ,  " f o s s i l "  ( B i l l i n g s  1979) .
Accordi ng to Re t z e r  ( 1 9 56 ) ,  t h r ee  main groups of  so i l  
occur in the a l p i n e  r egi on of  the Rocky Mount ai ns:  A l p i ne
t u r f  ( I n c e p t i s o l s ) ,  A l p i ne  meadow ( I n c e p t i s o l s ) ,  and A l p i ne
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bog s o i l  ( H i s t o s o l s ) .  The name ' A l p i n e  t u r f '  was chosen  
because of  the d i s t i n c t i v e n e s s  of  the v e g e t a t i o n  type and 
the ext reme d e n s i t y  and toughness of  the sod t h a t  b l ank e t s  
the s u r f ac e ,  formed by r oot s  c once nt r a t ed  in the upper  15 
c e n t i m e t e r s .  A l p i n e  t u r f  s o i l  occupys s l o p i n g ,  w e l l -  
d r a i n e d  p o s i t i o n s .  The sod a c t s  as a b a r r i e r  a g a i n s t  
harmful  d a i l y  s o i l  t e mp e r a t u r e  f l u c t u a t i o n ,  pr ov i des  a zone 
f a v o r a b l e  to s o i l  m i c r o b i o l o g i c  l i f e ,  p r o v i d e s  p l a n t  
n u t r i e n t s ,  and p r o t e c t s  t h e  s o i l  f r om e x c e s s i v e  e r o s i o n  
( R e t z e r  19 7 4 ) .  T h i s  p r o t e c t i o n  i s  e s p e c i a l l y  n e c e s s a r y  
b e c a u s e  o f  t h e  r i g o r o u s  a l p i n e  c l i m a t e  ( N i m l o s  and  
McConne l l  1 9 6 2 ) .  The uncompact ed  and p o o r l y  s t r u c t u r e d  
s p o i l  p i l e s  o f  d i s t u r b e d  s i t e s ,  h o w e v e r ,  have a l o w e r  
w a t e r - h o l d i n g  c a p a c i t y  t han t he  n a t i v e  t u r f ,  and a r e  
s u b j e c t  t o  s e v e r e  d r y i n g  d u r i n g  t h e  g r o w i n g  s e a s o n  
(Johnston e t  a l . 1975 ) .
A l p i n e  meadow s o i l  i s  t r a n s i t i o n a l  s o i l  o c c u r r i n g  
between w e l l - d r a i n e d  zonal  and poor l y  dr a i ned i n t r a z o n a l  
s o i l .  A l p i n e  bog s o i l  i s  p o o r l y  d r a i n e d  i n t r a z o n a l  bog 
s o i l ,  oc c ur r i ng  in bogs and depr ess i ons  where dr a i nage  is  
r e s t r i c t e d  o r  w h e r e  w a t e r  f r o m  s e e p s  and s p r i n g s  
a c c u m u l a t e s  ( W e s t e r n  S t a t e  Land G r a n t  U n i v e r s i t i e s  and 
Col l eges 1964) .
Johnson and B i l l i n g s  (1962)  assigned the s o i l  of  the  
B e a r t o o t h  P l a t e a u  t o  R e t z e r ' s  t h r e e  c a t e g o r i e s ,  p l u s  
L i t h o s o l s - - t h i n ,  p o o r l y  devel oped s o i l  found on bare rock
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s u r f a c e s  wh i c h  a r e  h i g h l y  s u s c e p t i b l e  t o e r o s i o n  ( P r i c e  
1981) .
VEGETATION
The n a t i v e  v e g e t a t i o n  of  the Bear t oot h  Mountains has 
been descr i bed by Bamberg ( 1 961 ) ,  South e t  a l .  ( n . d . ) ,  and,  
more i n t e n s i v e l y ,  by Johnson and B i l l i n g s  ( 1 9 6 2 ) ,  who 
l o c a t e d  a t o t a l  o f  210 s p e c i e s  and v a r i e t i e s  f o r  t h e i r  
p l a n t  c o l l e c t i o n .  They descr i bed  f o u r  main types of  p l a n t  
communi t i es:  1) Geum T u r f  on summi ts ,  r i dges  and upper
s l o pe s  w i t h  v a r y i n g  amount s  o f  c u s h i o n  p l a n t s  such as 
go l den  avens (Ge^m ros_s;i_l) and a d i v e r s i t y  o f  o t h e r  
speci es;  2) Deschampsi a  Meadow on l ower  mesic slopes and 
basins w i t h  t u f t e d  h a i r g r a s s  ( Deschampsi a  cespi  t o s a ) as the 
most conspicuous spec i es ;  3) Carex s c opu l o r um Bog on wet ,  
mi ner a l  s o i l  and peat  s o i l ;  and 4) W i l l o w  t h i c k e t  along  
dr a i nages .  They found t h a t  w i n t e r  snow accumul a t i on  and 
t i me  of  snow m e l t i n g  were of  g r e a t  i mpor t ance  in the l oca l  
d i s t r i b u t i o n  of  a l p i n e  spec i es .  There are some d i f f e r e n c e s  
in speci es occur rences between I r on Mountain and the s i t e s  
s e l e c t e d  by Johnson and B i l l i n g s  ( 1 9 6 2 )  n e a r  Red Lodge.  
For exampl e ,  a l p i n e  bog s w e r t i a  ( S w e r t  i a p e r e n n i s ) occurs  
on I r o n  M o u n t a i n  on m o i s t  ground and s w e e t - f l o w e r e d  
androsace ( Androsace l e h ma n n i a n a ) on d r i e r  s i t e s .  However,  
t h e s e  d i f f e r e n c e s  do not  s i g n i f i c a n t l y  a f f e c t  t he  b a s i c  
communi t i e s .
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Ther e  has been some a l t e r a t i o n  o f  c l i m a x  p l a n t  
communi t i es due to domest i c  stock g r a z i n g .  Domest ic sheep 
have u t i l i z e d  t he  f o r a g e  on t he  B e a r t o o t h  P l a t e a u  s i n c e  
1893 ( P a t t i e  and Ve r b e e k  1 9 6 7 ) .  G r a z i n g  by sheep was 
d i s co nt i nued  in a l p i n e  areas w i t h i n  the Red Lodge D i s t r i c t  
of  the Bear t oot h Mountains in 1964,  but  g r az i ng  of  these  
hi gh a l t i t u d e  p a s t u r e s  c o n t i n u e s  in Wyoming.  Bamberg  
(1961)  found pronounced d i s t u r b an c e  of  v e g e t a t i o n  along the  
Wyo mi n g - Mo n t a n a  b o r d e r  due t o l i v e s t o c k  g r a z i n g ,  p o c k e t  
gophers,  and highway c o n s t r u c t i o n ,  and concluded an absence 
of  c l i max v e g e t a t i o n  t h e r e .
MINERAL EXPLORATION
Two cent e r s  of  mini ng have devel oped in the Bear t oot h  
M o u n t a i n s :  t he  one t o the  s o u t h ,  c e n t e r e d  ar ound Cooke
C i t y ,  has become known as the New World Mi ni ng D i s t r i c t ;  
the o t h e r ,  to the n o r t h ,  i s known as the S t i l l w a t e r  Mining  
D i s t r i c t .  The S t i l l w a t e r  C o m p l e x  l i e s  w i t h i n  t h e  
S t i l l w a t e r  Mi ni ng D i s t r i c t .  In the pa s t ,  most a t t e mpt s  at  
mining have been spor adi c  and uneconomi cal .
P r o s p e c t o r s  were  w o r k i n g  t he  I r o n  M o u n t a i n  a r e a  by 
1928 ,  as c o n f i r m e d  by c l a i m  n o t i c e s .  These were  chrome  
l odes.  Dur ing World War I I  and the Korean War,  chromium 
was mined near  the S t i l l w a t e r  R i v e r  in the v i c i n i t y  of  Nye 
and s t o c k p i l e d  f o r  t he  g o v e r n m e n t ' s  s t r a t e g i c  r e s e r v e s  
(Stoneberg 1976) .
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In t he  m i d - 1 9 5 0 ' s ,  U n i t e d  S t a t e s  S t e e l  b u l l d o z e d  a 
road onto the East  Boulder  P l a t eau to I r on Mountain.  They 
conducted e x p l o r a t o r y  work f o r  i r on  ore by scrap i ng away 
s o i l  and o v e r b u r d e n  and d i g g i n g  t r e n c h e s .  F o l l o w i n g  
d i s c o v e r y ,  p i t t i n g ,  and p r e l i m i n a r y  e x a m i n a t i o n ,  the c l a i ms  
were abandoned ( Day t on  1971 ) .  T h i s  l e f t  l a r g e  s c ar s  and 
t r enches on the landscapes.  Dur ing the 1960' s,  a r i s e  in 
m i n e r a l  v a l u e s  i n s t i g a t e d  a r e v i v a l  o f  i n t e r e s t  in t he  
mi n e r a l s  of  the S t i l l w a t e r  Complex and sever a l  companies  
i n i t i a t e d  new e x p l o r a t o r y  a c t i v i t i e s .  A me r i c a n  Me t a l  
C l i m a x ,  I n c .  (AMAX) and J o h n s - M a n v i l l e  S a l e s  Corp.  began 
s t a k i n g  c l a i ms  and e x p l o r i n g  in 1967,  and,  subsequent l y ,  
AMAX put  in numerous d r i l l  h o l e s  on and ar ound I r o n  
M o u n t a i n .  S t i l l w a t e r  PGM R e s o u r c e s ,  a p a r t n e r s h i p  o f  
J o h n s - M a n v i l l e  Sales Corp.  and Chevron Resources Corp. ,  has 
been w o r k i n g  on p l a n s  f o r  a p l a t i n u m - p a l l a d i u r n  m i n i n g  
o p e r a t i o n  on t h e  Eas t  B o u l d e r  P l a t e a u  ( H o l l o w  1 9 81 ) .  
However ,  the proposed a d i t  i s not  in the a l p i n e  zone.  Up 
u n t i l  now,  a l l  o f  t he  work on I r o n  M o u n t a i n  has been 
e x p l o r a t o r y .  Roads,  p i t s ,  t r e nc he s ,  and d r i l l i n g  p l a t f o r m s  
and holes are the p r i n c i p a l  d i s t u r b a n c e s .
REVEGETATION
At t empt s  have been made by i n d u s t r y  a t  r e v e g e t a t i o n  of  
m i n i n g - r e l a t e d  d i s t u r b a n c e s  i n t he  a l p i n e  zone o f  t he  
S t i l l w a t e r  M i n i n g  D i s t r i c t .  S i t e s  p r e p a r e d  f o r
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r e v e g e t a t i o n  i n c l ud e  I r on Mount a i n ,  Chrome Mount a i n ,  and 
B l i t z  Ridge.  On I ron Mount a i n ,  some d r i l l i n g  and b u l l d o z e r  
scars had been smoothed over  in 1969 by AMAX and reseeded  
i n  1970 w i t h  i n t r o d u c e d  s p e c i e s ,  i n c l u d i n g  t h i c k s p i k e  
wheatgrass ( Agropyron da sys t achy um), Regar brome ( Bromus 
b i e b e r s t e i _ n l i )  and Sherman b l u e g r a s s  (P.oa. ani£l_a v a r .  
s ^ e r m a ^ ) .  I n  19 7 1  some a d d i t i o n a l  d r i l l  s i t e s  and 
t empor ar y  roads were r e h a b i l i t a t e d .  These were d i t c h e d ,  
rough g r a d e d ,  f e r t i l i z e d ,  s e e de d ,  and c o v e r e d  w i t h  o l d  
s l ash .
A l s i k e  c l o v e r  ( T r i f  o1 i u m h y b r i d u m) was f i r s t  used in 
1971,  and e x p e r i me n t a l  t r a n s p l a n t i n g  of  6" and 12" plugs of  
na t u r a l  grass was t r i e d .  In some cases t o p s o i l  cover  was 
pushed as i de and s t ored and respread across abandoned d r i l l  
pads.  Two l a r g e  t r e n c h e s  on t he  sout h  s i d e  o f  I r o n  
Mountain South were f i l l e d  in 1972 and the Uni t ed St a t es  
Forest  Ser v i c e  p l a n t ed  them wi t h  n a t i v e  seed the f o l l o w i n g  
y e a r .  The F o r e s t  S e r v i c e  a l s o  p r e p a r e d  a t e s t  p l o t  in  
Se pt e mbe r  o f  1972 on a "dr y"  a l p i n e  s i t e  t o  t e s t  use o f  
n a t i v e  as w e l l  as i n t r odu ced  seeds f o r  r e c l a m a t i o n  (Brown 
1981) .  T r a n s p l a n t i n g  was a l so t r i e d  a t  t h i s  s i t e .
CHAPTER I I I
METHODS AND MATERIALS
Because t he  f i e l d  season a t  h i gh  a l t i t u d e s  i s ,  a t  
b e s t ,  a s h o r t  t h r e e  mont hs ,  p r e l i m i n a r y  p l a n n i n g  i s  
r e qu i r e d  bef ore  i t  begins.  T h e r e f o r e ,  be fore  f i e l d w o r k ,  
the study s i t e  was d e l i n e a t e d  by t r e e  l i m i t  f rom 1:15840  
c o l o r  a e r i a l  p h o t o g r a p h s  t a k e n  i n 1971.  A l s o ,  g e n e r a l  
n a t i v e  p l a n t  communi ty types were d i f f e r e n t i a t e d  f rom the 
photos on the basi s  of  c o l o r  (Komarkova 1981)  and assi gned  
to t e n t a t i v e  c o m m u n i t i e s  based on p r e v i o u s  work done by 
Johnson and B i l l i n g s  ( 1962) .  A l l  d i s t u r b e d  s i t e s  v i s i b l e  
on t he  phot os  wer e  no t e d  and numbers a s s i g n e d  t o each.  
Geologic boundar i es accor d i ng to Page and Nockleberg (1974)  
were p l o t t e d  on t opog r a ph i c  maps of  the same scal e  as the  
phot os .
I n i t i a l  reconnai ssance was made of  the study s i t e  June 
20 and 21,  1981.  One t o  two f e e t  o f  snow were  s t i l l
p r e s e n t ,  a l t hough some r i dges  were blown c o mp l e t e l y  f r e e .  
Nine e a r l y - b l o o m i n g  p l a n t  speci es were c o l l e c t e d .  Col or  
photos were taken f rom sever a l  vantage po i n t s .
On Jul y  8,  1981,  camp was e s t a b l i s h e d  at  about  2,941
meters (9 , 650  f e e t ) ,  0.8 k i l o m e t e r s  ( o n e - h a l f  m i l e )  wes t -  
nor t hwe st  of  I ron Mountain South.  Except  f o r  l a t e - l y i n g
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s nowbanks ,  most  o f  t he  snow had m e l t e d  and a g e n e r a l  
reconnai ssance of  the area was conducted f o r  t h r e e  weeks.  
As p l a n t s  came i n t o  b l oom,  s p e c i me n s  were  i d e n t i f i e d ,  
p r e s s e d ,  and d r i e d  in a p o r t a b l e  d r i e r .  A l i s t  o f  a l l  
p l a n t s  c o l l e c t e d  i n  t h e  s t u d y  a r e a ,  b o t h  i n  n a t i v e  
c o m m u n i t i e s  and w i t h i n  d i s t u r b e d  s i t e s ,  i s  i n c l u d e d  as 
Appendix A. S c i e n t i f i c  nomencl a t ure  used is f rom Hi t chcock  
e t  a l .  ( 1969) .  Feat ures  p r e v i o u s l y  d e l i n e a t e d  f rom a e r i a l  
p h o t o g r a p h s ,  such as d i s t u r b e d  s i t e s  and n a t i v e  p l a n t  
communi t i es ,  were f i e l d  checked.  E i g h t l y - f o u r  d i s t u r b e d  
s i t e s  were l o c a t e d ,  numbered and f l a gg e d .  The l o c a t i o n  of  
d i s t u r b a nc e s  was o f t en  de t e r mi ned  by c h a r a c t e r i s t i c s  of  the  
rocks.  Over t urned rocks on d i s t u r b a n c e s  had l i g h t  sur f aces  
and a l i c h e n  c o a t i n g  u n d e r n e a t h .  Rocks on u n d i s t u r b e d  
areas were bl ack on top f rom dense l i c h e n  cover .
Each s i t e  was d e s c r i b e d  in t e r m s  o f  t he  age ,  p a r e n t  
m a t e r i a l ,  i n t e n s i t y  o f  d i s t u r b a n c e ,  s i z e  ( i n  m e t e r s ) ,  
p e r c e n t  s l o p e ,  a s p e c t ,  s o i l  t e x t u r e  and pH, and g e n e r a l  
sur roundi ng n a t i v e  p l a n t  communi ty.  Because the study s i t e  
was l o ca t e d  w i t h i n  a narrow e l e v a t i o n a l  span ( 9 , 6 0 0 - 1 0 , 0 0 0  
f e e t ) ,  e l e v a t i o n  was not  cons i der ed  s i g n i f i c a n t l y  d i f f e r e n t  
among d i s t u r b a n c e s .
Three age groups of  d i s t u r b e d  s i t e s  were i d e n t i f i e d .  
The f i r s t ,  or  e a r l y  p e r i o d ,  was e s t a b l i s h e d  f r om e a r l y  
c l a i m  markers found a t  t h r e e  s i t e s  (nos.  57,  76,  and 87) .
The c l a i m s  were  d a t e d  1928 by R. A. B r a n n i n .  The second
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age group was i d e n t i f i e d  f o r  those s i t e s  d i s t u r b e d  in the  
1950's and e a r l y  1960's when Uni t ed S t a t e s  St ee l  was in the  
area.  The l a s t  age group was d i s t u r b e d  in the per i od  which 
began ab ou t  1967 when AMAX and J o h n s - M a n v i l l e  S a l e s  
C o r p o r a t i o n  began s t a k i n g  c l a i m s ,  and c o n t i n u e s  to the  
pr e s e n t .
O b t a i n i n g  d a t e s  f o r  t he  d i s t u r b a n c e s  was d i f f i c u l t .  
O r i g i n a l l y ,  i t  was hoped h i s t o r i c a l  photographs could be 
o b t a i n e d  f o r  c o m p a r i s o n .  A p p a r e n t l y ,  some do e x i s t  f o r  
each decade.  The ones obt a i ned f rom the 1930's and 1940's 
were taken f rom too high an e l e v a t i o n  to d e t e c t  anyt h i ng  of  
i n t e r e s t  f o r  t h i s  r e s e a r c h .  Phot os  f r o m t he  1 9 5 0 ' s and 
1 9 6 0 ' s p r o b a b l y  woul d have been o f  most  v a l u e ,  but  cou l d  
not  be secured.
Documentat ion could be l o c a t e d  on some of  the r ecent  
e x c a v a t i o n s  ( H o l l o w a y  1 9 8 1 ) ,  but  no t  n e c e s s a r i l y  on the  
r e c l a m a t i o n .  Some s i t e s  were i n i t i a l l y  d i s t u r b e d ,  l e f t ,  
then d i s t u r b e d  agai n.  The dates used in t h i s  t h e s i s  were 
o b t a i n e d  f r om two main s o u r c e s :  G r a n t  S m i t h ,  of  Johns-
M a n v i l l e  Sales C o r p o r a t i o n ,  who did much of  the o r i g i n a l  
b u l l d o z e r  work f o r  AMAX, and Chuck M a r t i n  o f  t he  U n i t e d  
St a t e s  Forest  Ser v i ce  who had been i n vo l v e d  in much of  the 
e a r l y  r e c l a ma t i o n  work.
On p r e l i m i n a r y  e x a m i n a t i o n  f r om maps (Page and 
N o k l e b e r g  1974)  t h r e e  p a r e n t  m a t e r i a l s  wer e  found to
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u n d e r l i e  the d i f f e r e n t  d i s t u r b a nc e s :  h o r n f e l s ,  u l t r a m a f i c
rocks ,  and g l a c i a l  t i l l .
I n t e n s i t y  of  d i s t u r b anc e  was mer e l y  noted as removal  
of  o v e r l y i n g  s o i l  and v e g e t a t i o n  or  as s c r a p i n g  o f  t he  
sur f ace  w i t h  some p l a n t s  and s o i l  l e f t  i n t a c t .  Pl aces t h a t  
were a l t e r e d  by o n e - t i me  v e h i c l e  t r a c k s  were not  numbered 
as d i s t u r b a n c e s ,  but  some ob ser va t i ons  were made f o r  f u t u r e  
comment.
The d i s t u r b a nc e s  were d i v i de d  a l most  e q u a l l y  i n t o  s i x  
s i ze  c a t e g o r i e s :  1 - 14 ,  20 -48 ,  52 - 96 ,  10 2 - 192 ,  2 70 - 7 44 ,  and
9 9 0 - 1 2 , 0 0 0  square met ers .
Slope was d i v i d e d  i n t o  f our  c a t e g o r i e s :
0-5% e s s e n t i a l l y  no slope
6-15% low slope angle
16-30% moderate slope
31-60% high angle slopes
A s o i l  sa mpl e  was c o l l e c t e d  f r om each d i s t u r b a n c e .
S i nc e  t he  d i s t u r b e d  s i t e s  were  e x t r e m e l y  s t o n y  and t he  
s o i l ,  i f  any,  was s h a l l o w,  t h e r e  was no p r e c i s e  methodology  
devi sed to c o l l e c t  the samples.  A h o s p i t a l  sputum cup was 
f i l l e d  w i t h  s o i l ,  and t he  m a t e r i a l  l a t e r  s i e v e d  i n t he  
l a b o r a t o r y .  Text ur e  was det er mi ned by f e e l  and pH measured
to 0.5 a c c u r a c y  by an I o n a l y z e r ,  a s p e c i f i c  i on m e t e r ,
model 404,  made by Or ion Research.
Na t i v e  p l a n t  communi t i es were not  sampled.  However ,  
accordi ng to Komarkova ( 1981 ) ,  communi t i es on I ron Mountain  
should be s i m i l a r  to those found by Johnson and B i l l i n g s
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(1962)  on the nearby Bear t oot h  P l a t e a u .  D i s t ur bances  were 
t h e r e f o r e  d e s c r i b e d  t o  be s u r r o u n d e d  by one o f  t h r e e  
communi ty types:  1) cushion p l a n t  (anologous to Johnson
and B i l l i n g s '  Geum t u r f ) >  2) D e s c h a m £ s u  meadow,  and 3)  
snowbank ( s i t e s  i nc l uded  by Johnson and B i l l i n g s  w i t h i n  the  
Carex sc op u l o r um type on which snow p e r s i s t s  we l l  i n t o  the  
a l p i n e  growing season) .
The o c c u r r e n c e  o f  a l l  s p e c i e s  g r o w i n g  i n  e a c h  
d i s t u r b a n c e  was r e c o r d e d ,  and t h i s  t a l l y  was expanded  
t h r o u g h o u t  t h e  summer .  When t he  r e c o n n a i s s a n c e  was 
concluded,  most of  the p l a n t s  were f l o w e r i n g  or had a l r e a d y  
f l o w e r e d ,  and a more i n t e n s i v e ,  q u a n t i t a t i v e  s u r v e y  was 
begun which sampled the s o i l  and p l a n t  components of  each 
m i n i n g - r e l a t e d  d i s t u r b a n c e .
COVER
A c c o r d i n g  to Cook and Bonham ( 1 9 7 7 ) ,  t h e  ground  
s u r f a c e  c o v e r e d  w i t h  f o l i a g e  i s  t h e  most  w i d e l y  used 
p a r a m e t e r  i n  m e a s u r i n g  q u a n t i t y  o f  v e g e t a t i o n .  Many 
workers cons i der  cover  to be one of  the best  c r i t e r i o n  f o r  
a s c e r t a i n i n g  s u c c e s s i o n  and f o r  use in p l a n t  c o mm u n i t y  
d e s c r i p t i o n s  (Brown 1954,  Amer.  Soc. Agron.  1962) .  Cover  
mea s ur e me nt s  a r e  p a r t i c u l a r l y  s u i t e d  t o c r e e p i n g  or  
spreadi ng types of  v e g e t a t i o n  (Brown 1954) .  In most cases,  
e s t a b l i s h m e n t  o f  a p l a n t  c o v e r  i s  v i e w e d  as t he  p r i m a r y  
means o f  a c h i e v i n g  r e h a b i l i t a t i o n  (Brown and Johns t on
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1979) .
Cover was t h e r e f o r e  used as the means of  d e t e r m i n i n g  
whether  or  not  r e cover y  was t a k i n g  pl ace on I ron Mountain  
and c o ve r  was a l s o  t h e  s o l e  d e t e r m i n a t e  o f  s p e c i e s  
i m p o r t a n c e  i n  t h i s  s t u d y  ( B a r b o u r  e t  a l .  1 9 8 0 ) .  
Rec l amat i on ,  on the o t he r  hand,  which i m p l i e s  t h a t  the s i t e  
i s h a b i t a b l e  to p l a n t s  (and a n i ma l s )  o r i g i n a l l y  p r es ent  in 
a p p r o x i ma t e l y  the same composi t i on  and d e n s i t y  (Box 1978)  
and i nc l udes  successful  r e p r o d u c t i o n  and s i t e  s t a b i l i t y  was 
not s t udi ed a t  t h i s  t i me .
Whi le cover  may be e s t i m a t e d  or  measured,  e s t i m a t i o n  
t echni ques are su b j e c t  to personal  e r r o r  ( Gr eg- Smi t h  19 57).  
Two q u a n t i t a t i v e  methods c u r r e n t l y  used to measure cover  
ar e  t he  p o i n t  q u a d r a t  and t h e  l i n e  i n t e r c e p t i o n  met hods  
(Amer .  Soc.  Agron.  1 9 6 2 ) .  The l i n e  i n t e r c e p t  i s  most  
s u i t a b l e ,  however ,  to measure sparse v e g e t a t i o n  in which 
the l i m i t s  of  p l a n t s  are q u i t e  d i s t i n c t  (Brown 1954) .  As 
Johnson and B i l l i n g s  (1962)  have po i n t ed  out ,  a l p i n e  p l an t s  
ar e  s h o r t ,  o f t e n  c us h i  o n - f o r m , and many r e p r o d u c e  by 
r h i z o m e s .  The d e t e r m i n a t i o n  o f  what  c o n s t i t u t e s  an 
i n d i v i d u a l  i s  v i r t u a l l y  i m p o s s i b l e .  An a d d i t i o n a l  
advantage of  the p o i n t  quadra t  i s t h a t  i t  pr ov i des  an easy 
method of  measurement  o f  s o i l  sur f ace  c o n d i t i o n s  such as 
bare s o i l ,  l i t t e r  or  mulch,  moss, and s t oni ness  (Amer.  Soc.  
Agron.  1962) .
The po i n t  i n t e r c e p t  method,  suggested to be the most
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t r u s t w o r t h y  and o b j e c t i v e  method a v a i l a b l e  f o r  measur ing  
cover  of  low v e g e t a t i o n  (Goodal l  1952) ,  was developed in 
gr ass l ands in New Zealand in 1925 by Levy and Madden (1933)  
t o a i d  in f o r m u l a t i o n  of  i m p r o v e d  seed m i x t u r e s .  I t  i s  
e s s e n t i a l l y  a method f o r  e x pr ess i ng  b o t a n i c a l  composi t i on  
i n t e r m s  o f  c o v e r .  "Thousands o f  pounds'  w o r t h  o f  seed 
have been wasted,  and are s t i l l  being wasted, "  they wr o t e ,  
" in the l ay i ng - down of  past ur es  because of  the de ar t h  of  
knowledge of  the ac t ua l  per f ormance of  the var i ous  seeds 
sown." The method was f i r s t  used in r e s e a r c h  in t he  
r e g r a s s i n g  of  d e p l e t e d  t u s s o c k  g r a s s l a n d s ,  in whi ch  
Cockayne used a p o i n t  on t h e  t o e - c a p  o f  one boot  as t he  
mat hemat i c a l  p o i n t ,  and a l so f rom c h a r t i n g  the v e g e t a t i o n  
of  a sown past ure  using a knot t ed  s t r i n g  t i g h t l y  s t r e t c h e d  
over  the grass cover  (Levy and Madden 1933) .
In the po i n t  i n t e r c e p t  method,  the quadrat  has been 
reduced to an i n f i n i t e l y  smal l  s i z e ,  t h a t  i s ,  a p o i n t ,  at  
wh i c h  t h e  p r e s e n c e  or  absence  o f  a s p e c i e s  i s  r e c o r d e d  
(Johnson and B i l l i n g s  1962) .  The t h e o r e t i c a l  basi s  f o r  the  
p o i n t  q u a d r a t  method has been r e v i e w e d  by G r e g - S m i t h  
( 1 9 5 7 ) .  Each p o i n t  i s  e i t h e r  c o m p l e t e l y  c ov er ed  or  not  
covered by v e g e t a t i o n ,  and the p r o p o r t i o n  which i s  covered  
of  the i n f i n i t e l y  l a r g e  number of  samples equal s the cover  
o f  t he  s p e c i e s .  He goes on to say t h a t ,  i f  p r o p e r l y  
s e l e c t e d ,  the po i n t s  a c t u a l l y  examined in an i n v e s t i g a t i o n
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are an unbiased sample of  the i n f i n i t e l y  l a r g e  number of  
p o s s i b l e  po i n t s  and gi ve  an e s t i m a t e  of  the t r u e  va l ue of  
c o v e r .  The a c c u r a c y  o f  t he  e s t i m a t e  can be i n c r e a s e d  by 
i n c r e a s i n g  t he  sampl e  s i z e .  Thus ,  in p r a c t i c e ,  c o v e r  i s  
c a l c u l a t e d  as the percent age of  rods which touch any p a r t  
of  a p l a n t  as the rods are l owered (Barbour  e t  a l .  1980) .  
Since t h e r e  can be u n l i m i t e d  r e p l i c a t i o n  of  the sampl ing  
u n i t ,  a p o i n t ,  t he  method can be e x p e c t e d  to g i v e  a 
s t a t i s t i c a l l y  sound r e p r e s e n t a t i o n  of  the composi t i on  of  
t he  v e g e t a t i o n .  T h e o r e t i c a l l y ,  one c o u l d  s e l e c t  p o i n t  
sa mpl es  w i t h  a s i n g l e  sh a r pe n e d  rod w i t h o u t  a f r a m e .  
However ,  Mue l l e r - Domboi s  and E l l e n b e r g  (1974)  po i n t ed  out  
t h a t  s y s t e m a t i c a l l y  or  r a n d o m l y  p r e f i x e d  p o i n t s  a r e  
necessary  and t h i s  r e q u i r e s  the guide hol es in a f rame to 
avoi d unconscious a i mi ng w i t h  the rod end.
The p o i n t  a n a l y s e r ,  as the p o i n t  f rame was o r i g i n a l l y  
c a l l e d  (Levy and Madden 1933) ,  was f i r s t  made of  1 / 2  inch  
brass casi ng and was 20 inches in l e n g t h .  I t  cons i s t e d  of  
two h o r i z o n t a l  b a r s ,  wh i ch  e l i m i n a t e d  a p a r a l l a x  e f f e c t  
( Mue l l e r - Domb o i s  and E l l e n b e r g  1974) ,  spaced about  an inch  
a p a r t  and mounted on legs which were po i nt ed  so t h a t  they  
c o u l d  be pushed i n t o  t he  s o i l .  Each h o r i z o n t a l  bar  
c o n t a i n e d  10 ho l e s  d r i l l e d  two i n c h e s  a p a r t  so t h a t  10 
s t e e l  p i n s ,  such as ha t  p i n s  or  meat  s k e w e r s ,  c o u l d  be 
moved v e r t i c a l l y  up and down in a set  course.  The number  
and spacing of  pins and the he i g h t  of  the f rame are adapted
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to the v e g e t a t i o n  (Brown 1954) .  Most i n v e s t i g a t o r s  have 
used f rames of  10 pins spaced a t  t w o - i n c h  i n t e r v a l s ,  but  
s i n g l e  pins and as many as 36 pins per  f rame have been used 
(Amer .  Soc.  Agron.  19 6 2 ) .  Go o da l l  ( 1 9 5 2 )  f ound t h a t  a 
given number of  po i n t s  d i s t r i b u t e d  i n d i v i d u a l l y  can gi ve  a 
more p r e c i s e  e s t i m a t e  o f  cover  than when the same number of  
p o i n t s  a r e  gr ouped in f r a m e s ,  under  c e r t a i n  c o n d i t i o n s .  
But ,  l o w e r i n g  o n l y  one p i n  a t  each p l a c e  i s  more t i m e -  
consuming and a l l o w s  f o r  unconscious choi ce in p l acement .
In t h e i r  a p p r a i s a l  o f  n a t i v e  a l p i n e  communi t i es  on the  
Bear t oot h P l a t e a u ,  Johnson and B i l l i n g s  (1962)  found t h a t  a 
t w o - i n c h  i n t e r v a l  bi ased tussock speci es .  T h e r e f o r e ,  they  
a r r a n g e d  t h e i r  p i n s  a t  o n e - d e c i m e t e r  i n t e r v a l s .  T h i s  
d i s t a n c e ,  they  f e l t ,  exceeded the l i f e f o r m  d i a me t e r  of  most  
of  t he  a l p i n e  p l a n t s  on t he  P l a t e a u .  The p o i n t  a n a l y s e r  
f o r  t he  p r e s e n t  r e s e a r c h  was b u i l t  o f  two 1" X 2" boar ds  
220 c e n t i m e t e r s  l ong  and spaced two c e n t i m e t e r s  a p a r t .  
Twe nt y  h o l e s  one d e c i m e t e r  a p a r t  wer e  d r i l l e d  a l o n g  t he  
l i n e a r  f r ame ,  which was mounted on metal  l egs e l e v a t i n g  i t  
30 . 5  c e n t i me t e r s  o f f  the ground.
Go o d a l l  ( 1 9 5 2 )  f ound t h a t  p i n  d i a m e t e r  m a r k e d l y  
a f f e c t s  the r e s u l t s .  The use of  a pin of  f i n i t e  d i a m e t e r ,  
accordi ng to Gr eg- Smi t h  ( 1957) ,  w i l l  g i ve  a va l ue  of  cover  
g r e a t e r  than the t r u e  va l ue ,  because p l a n t s  w i l l  be touched 
t h a t  woul d  not  make c o n t a c t  w i t h  t he  a x i s  o f  t h e  p i n .
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Johnson and B i l l i n g s  ( 1 9 6 2 )  used number  n i n e  w i r e ,  2.5  
m i l l i m e t e r s  in d i a m e t e r ,  and sharpened on one end. They 
f e l t  t h i s  would gi ve  as n e a r l y  an i n f i n i t e l y  smal l  c i r c l e  
as can be used p r a c t i c a l l y  i n t h e  f i e l d .  In t h e  p r e s e n t  
r ese ar ch ,  we l d i ng rods s i m i l a r  in d i a me t e r  to number ni ne  
wi r e  were sharpened on one end and wrapped w i t h  tape on the  
ot he r  to keep them f rom s l i p p i n g  out  of  the holes in the  
f r a m e .
As t he  p i n s  a r e  pushed t h r o u g h  t he  f r a m e  t o w a r d  t he  
ground,  a record i s  made of  e i t h e r  the f i r s t  p l a n t  h i t ,  a l l  
p l a n t s  h i t ,  or  the basal  area or  crown c ont a c t  (Johnson and 
B i l l i n g s  1962) .  When onl y  the f i r s t  p l a n t  h i t  i s  r ecor ded ,  
t h e r e  i s  a t e n d e n c y  f o r  t h e  t a l l  p l a n t s  t o be h i t  more  
f r e q u e n t l y  than the l o we r  ones.  Recording a l l  h i t s  puts  
the s h or t e r  p l a n t s  on an equal  f o o t i n g  w i t h  the t a l l e r  ones 
(Brown 1954) .  Crown or shoot  cover  i s measured by count i ng  
onl y  the f i r s t  i n t e r c e p t i o n  w i t h  a shoot  p a r t ;  basal  area  
i s  measured by count i ng  on l y  the h i t s  oc c u r r i n g  w i t h  stem 
pa r t s  at  ground l e v e l  ( Mu e l l e r - D o mb o i s  and E l l e n b e r g  1974) .  
Johnson and B i l l i n g s  ( 1 9 6 2 )  chose t he  p l a n t  o f  f i r s t  
cont a c t  as the most e x pe d i e n t  f i e l d  method.  They observed  
t h a t  on the Bear t oot h P l a t e a u  o v e r l a p p i n g  of  l eaves f rom 
p l a n t s  of  d i f f e r e n t  speci es  was mi n i ma l .  For the p r e s e nt  
r es e a r ch ,  onl y  the f i r s t  h i t ,  whet her  i t  was a p a r t i c u l a r  
p l a n t  spec i es ,  l i t t e r ,  s o i l  or  r ock ,  was recorded.
For  m e a s u r i n g  c o v e r ,  M u e l l e r - D o m b o i s  and E l l e n b e r g
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( 1 9 7 4 )  sugge s t e d  t h a t  t h e  f r a m e  be he l d  v e r t i c a l l y ,  no t  
o b l i q u e l y .  Hol di ng the f rame o b l i q u e l y ,  they sa i d ,  would 
i n c r e a s e  t he  number  o f  i n t e r c e p t i o n s  and r e s u l t  in an 
o v e r e s t i ma t e .  Brown (1954)  found t h a t  pi ns in the v e r t i c a l  
p o s i t i o n  h i t  f l a t - b l a d e d  speci es more o f t e n  than grasses ,  
wh i l e  i n c l i n e d  pi ns tended to h i t  the f l a t - b l a d e d  speci es  
l ess o f t e n .  She went  on to say t h a t  the most s a t i s f a c t o r y  
manner of  using the p o i n t  quadra t  w i l l  vary  w i t h  the type  
of  v e g e t a t i o n .  In d e t e r m i n i n g  percent age  cover  in t undra  
l i f e  f o r m s ,  Johnson and B i l l i n g s  ( 1 9 6 2 )  f e l t  t h a t  t he  
mi ni mal  e r r o r  obt a i ned when using i n c l i n e d  pins would be 
i n s i g n i f i c a n t .  They p l aced t h e i r  pins v e r t i c a l l y  in the  
f rame.  In the pr esent  r e s e a r c h ,  the pi ns were s i m i l a r l y  
p i a c e d .
A c c o r d i n g  t o  Brown ( 1 9 5 4 ) ,  t h e r e  i s  no s t a n d a r d  
p r a c t i c e  r egar d i ng  the d i s t r i b u t i o n  of  p o i n t s .  But ,  she 
s a i d ,  a l l  v e g e t a t i o n  sampl i ng procedures must i n c o r p o r a t e  
the concept  of  r a nd omi z a t i on  to a l l o w  a l l  po s s i b l e  val ues  
an e q u a l  o p p o r t u n i t y  o f  o c c u r r i n g  i n  t h e  s a m p l e .  
Randomi zat i on i s  needed so t h a t  an unbiased e s t i m a t e  of  the 
mean and v a r i a nc e  of  v e g e t a t i o n  c h a r a c t e r i s t i c s  can be made 
f o r  s t a t i s t i c a l  c o m p a r i s o n  (Uni  s c a l e  Corp.  and Bonham
1980) .  Mue l l e r - Domboi s  and E l l e n b e r g  (1974)  suggested t h a t  
t he  number  o f  sampl e  p o i n t s  to be r e c o r d e d  shou l d  be 
r e l a t e d  t o t he  v a r i a b i l i t y  o f  t he  c o v e r .  Ther e  a r e  two
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popul ar  methods to de t e r mi ne  the number of  quadrat s  to use:
1) p l o t t i n g  t h e  d a t a  f o r  an y  g i v e n  p a r a m e t e r  u s i n g  
d i f f e r e n t  numbers of  quadrat s  and p i c k i n g  t h a t  number which 
corresponds to a po i n t  where f l u c t u a t i o n s  are dampened,  or
2) to sa mpl e  u n t i l  t he  s t a n d a r d  e r r o r  ( S D / S q r t  N) o f  t he  
quadrat  data i s  w i t h i n  some p r e v i o u s l y  dec i ded,  accept ab l e  
bounds,  such as 15-20% of  the mean (Barbour  e t  a l .  1980) .  
Both o f  t h e s e  methods wer e  t r i e d ,  and i t  was f ound t h a t  
t h e y  were  no t  o n l y  t i m e - c o n s u m i n g  t o  e m p l o y ,  but  t he  
v e g e t a t i o n  was so h i g h l y  v a r i a b l e  t h a t  t h e y  were  a l m o s t  
usel ess.  I n s t e a d ,  a b l a nk e t  maximum sampl i ng i n t e n s i t y  of  
20% was used.  A 20% sampl i ng i n t e n s i t y  i s  the maximum most  
i n v e s t i g a t o r s  i nc l ude  in a sample (Barbour  e t  a l .  1980) .
At  t he  s u g g e s t i o n  o f  Tad W e a v e r ( 1 9 8 1 ) ,  a l l  s i t e s  in  
t he  a r e a  d i s t u r b e d  by m i n e r a l  e x p l o r a t i o n ,  e x c e p t  f o r  
roads,  were examined.  A measur i ng tape was s t r e t c h e d  along  
the long ax i s  of  each s i t e ,  and,  w i t h  the a i d of  a random 
numbers t a b l e ,  p a r a l l e l  sample t r a n s e c t s  were l oc a t e d .
PLANT SUCCESSION
Successi onal  s t ud i e s  may be e i t h e r  s t a t i c  or dynamic.  
S t a t i c  s t u d i e s  i n v o l v e  e x a mi n a t i o n s  of  sever a l  d i f f e r e n t -  
aged s i t e s  a t  one p o i n t  i n  t i m e ,  w h i l e  dy na mi c  s t u d i e s  
i nvo l v e  the ex ami na t i on  of  one s i t e  over  a per i od  of  t i me .  
Because on l y  one summer season was a v a i l a b l e  in the f i e l d ,  
the s t a t i c  approach was used.
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The fundamenta l  quest i on of  whet her  or  not  succession  
occurs a t  a l l  in the a l p i n e  zone has not  been s u f f i c i e n t l y  
s t u d i e d .  D r u r y  and N i s b e t  ( 1 9 7 3 )  f e l t  t h e r e  i s  no t  
adequate q u a n t i t a t i v e  evidence f o r  e x t e n d i n g  contemporary  
t h e o r i e s  o f  s u c c e s s i o n  t o  t he  " t u n d r a "  e n v i r o n m e n t .  
C h u r c h i l l  and Hanson (1958)  quest i on the a p p l i c a b i l i t y  of  a 
c l i m a x  c o n c e p t  t o  a l p i n e  a r e a s  be cause  o f  t h e  a p p a r e n t  
i n s t a b i l i t y  of  the h a b i t a t  and v e g e t a t i o n .  However ,  they  
co n c l u d e d  t h a t  i n  s p i t e  o f  t h i s  l a c k  o f  s t a b i l i t y ,  t he  
changes t h a t  do occur  in these communi t i es  are w i t h i n  the 
f r a m e w o r k  o f  t he  c l i m a x .  On t he  o t h e r  hand,  Cox ( 1 9 3 3 )  
t h e o r i z e d  an a l p i n e  meadow c l i ma x  as the en dp o i n t  of  both 
x e r a r c h  and h y d r a r c h  s e r e s  on James Peak ,  C o l o r a d o ,  and 
G r i g g s  ( 1 9 5 6 )  s u g g e s t e d  a p a t t e r n  o f  i n v a s i o n  and 
succession in Rocky Mountain Na t i ona l  Park.
SORTING THE DATA
Because l a r g e  q u a n t i t i e s  of  data were i n v o l v e d  in t h i s  
s t u d y ,  two d a t a  f i l e s  wer e  c r e a t e d  and s e v e r a l  F o r t r a n  
p r o g r a m s  w r i t t e n  t o  a i d  i n  r a p i d  s o r t i n g  o f  t h e  
i n f o r m a t i o n .  One d a t a  f i l e  was a coded l i s t  o f  a l l  
v a s c u l a r  p l a n t  s p e c i e s  f ound on t he  s t u d y  s i t e ,  bot h  in  
n a t i v e  communi t i es  and on d i s t u r b e d  s i t e s .  Anot her  f i l e  
c o n t a i n e d  i n f o r m a t i o n  f o r  each s i t e .  T h i s  i n f o r m a t i o n  
i nc l uded s i t e  r e f e r e n c e  number,  as pe c t ,  s i z e ,  s l ope ,  n a t i v e  
p l a n t  communi ty type in which i t  oc cur r ed ,  pa r e n t  m a t e r i a l ,
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age and p o i n t  q u a d r a t  d a t a .  The q u a d r a t  d a t a  w e r e  
c a t e g o r i z e d  i n t o  moss, l i c h e n s ,  l i t t e r ,  s o i l ,  rocks ,  and 
i n d i v i d u a l  p l a n t  speci es w i t h  t o t a l  h i t s  recorded.  P l a n t  
s p e c i e s  not  h i t  by a p i n  but  m e r e l y  r e c o r d e d  as p r e s e n t  
were l i s t e d  as 0.1 h i t .  F o r t r a n  pr ogr am C0MPL.F0R was 
designed to go through the f i l e s  and s or t  f o r  p a r t i c u l a r  
s i t e  c h a r a c t e r i s t i c s .  I t  would then l i s t  the t o t a l  h i t s ,  
the a bso l u t e  cover ,  and the r e l a t i v e  cover  o f  each speci es  
f o r  a l l  s i t e s  wh i c h  had t he  r e q u e s t e d  c h a r a c t e r i s t i c s .  
A n o t h e r  p r o g r a m ,  SPSI T. FOR,  was w r i t t e n  t o  g i v e  s i t e  
i n f o r m a t i o n  on r equest ed p l a n t  speci es .  For the speci es  
d e s i r e d ,  i t  w o u l d  g i v e  t h e  a s p e c t s ,  s i z e s ,  s l o p e s ,  
communi ty t y pe s ,  pa r e n t  m a t e r i a l s ,  ages,  abso l u t e  cover ,  
r e l a t i v e  c o v e r ,  and numbers o f  t he  s i t e s  in wh i c h  i t  
o c c u r r e d .
CHAPTER IV
RESULTS
Pl a n t  cover  was the p r i m a r y  measure of  whether  or  not  
r ecover y  was t a k i n g  pl ace on the d i s t u r b e d  s i t e s  on I ron  
Mountain.  Each s i t e  was a l so  c a t e g o r i z e d  in numerous ways 
in or der  to examine what  f a c t o r s  mi ght  be c o n t r i b u t i n g  to 
the r e v e g e t a t i o n  process.  Aspect ,  s l ope ,  par ent  m a t e r i a l ,  
s o i l  t e x t u r e  and pH,  s i z e ,  a g e ,  and i n t e n s i t y  o f  
d i s t u r banc e  were recorded f o r  each s i t e .  I n d i v i d u a l  p l a n t  
s p e c i e s  and t h e i r  sa mpl ed  p e r c e n t a g e s  were r e c o r d e d  as 
were s u r r o u n d i n g  c o mm u n i t y  t y p e s ,  in o r d e r  t o  e x a mi n e  
p o s s i b l e  t r e n d s  o r  s u c c e s s i o n a l  p r o c e s s e s  d u r i n g  
r e v e g e t a t i o n .
PLANT COVER
P l a n t  c o v e r  on m i n i n g - r e l a t e d  d i s t u r b a n c e s  was 
measured by t he  p o i n t  a n a l y z e r  i n  o r d e r  to d e t e r m i n e  
whether  r ecover y  was t a k i n g  pl ace and to what  stage i t  had 
progressed.  I t  was p o s t u l a t e d  t h a t  the c l o s e r  the va l ues  
f o r  cover  of  the d i s t u r b e d  s i t e s  were to the e s t a b l i s h e d  
i d e a l - - v a l u e s  t a k e n  f r om Johnson and B i l l i n g s '  work  
( 1 9 6 2 ) - - t h e  more successf ul  the r ecover y .
Johnson and B i l l i n g s '  mean c o v e r  v a l u e  was 74% f o r
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cushion p l a n t  communi t i e s ,  and 88% f o r  Deschampsi a  meadow 
communi t i es.  No separ a t e  f i g u r e s  were a v a i l a b l e  f o r  the  
snowbank communi ty.  This gi ves an o v e r a l l  mean cover  va l ue  
f o r  the f i r s t  two communi t i es  of  81%.
On I ron Mount a i n ,  the mean cover  va l ue  was 10.6% f o r  
t he  cu sh i on  p l a n t  c o m m u n i t y ,  14.4% f o r  t he  Des^jiam£sj_a_ 
meadow c o m m u n i t y ,  and 7.1% f o r  t h e  snowbank co mmu n i t y .  
A v e r a g i n g  t he  f i r s t  t wo c o m m u n i t i e s  pr oduc ed an o v e r a l l  
mean c o v er  v a l u e  o f  1 2 . 4%- - o b v i o u s  1 y f a r  l o w e r  t han  t he  
Johnson and B i l l i n g s '  f i g u r e .
CONTRIBUTING FACTORS
Several  f a c t o r s  were examined in or der  to de t e r mi ne  
what might  be c o n t r o l l i n g  or c o n t r i b u t i n g  to the r ecover y  
of  p l a n t  cover .
Age of  D i s t ur bance
When s i t e s  wer e  s o r t e d  i n t o  t h e i r  a p p r o p r i a t e  age 
c a t e g o r i e s  ( F i g .  1 ) ,  t h e  mean p l a n t  c o v e r  f o r  t h e  o l d e s t  
d i s t u r b e d  s i t e  group ( n =1 9 )  was 9.8%,  t h a t  f o r  d i s t u r b e d  
s i t e s  in the i n t e r m e d i a t e  age group (n=13)  was 15.9%, wh i l e  
t he  p l a n t  c o v e r  on s i t e s  i n t he  most  r e c e n t  age group  
( n = 52)  was 10.2%. The mean p l a n t  c o v e r  on a l l  d i s t u r b e d  
s i t e s  was 12.6%. ( S i x  s i t e s  wer e  t oo s m a l l  t o  use t he  
p o i n t  a n a l y z e r ,  and,  t h e r e f o r e ,  a r e  no t  i n c l u d e d  i n t he  
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INCREASING AGE
Fi g.  1. Mean p l a n t  cover  accor d i ng to age ca t e gor y ,  
n = number o f  s i t e s .
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Surrounding P l a n t  Communi t ies
E i g h t y - f i v e  p e r c e n t  o f  t he  t o t a l  d i s t u r b e d  s i t e s ,  
o c c u p y i n g  96% o f  t he  t o t a l  d i s t u r b e d  a r e a ,  wer e  l o c a t e d  
w i t h i n  the cushion p l a n t  communi ty type ( Tabl e  1).  Only 
10% of  the t o t a l  s i t e s ,  or 3.7% of  the a r e a ,  l a y  w i t h i n  the  
D ® s c ji a mj3£j[a meadow c o m m u n i t y  t y p e ,  w h i l e  s n o w b a n k  
communi t i es surrounded onl y  5% of  the s i t e s ,  or 0.4% of  the  
t o t a l  area.  S i t e s  w i t h i n  the Deschampsi a  meadow communi ty  
t y pe  had t h e  h i g h e s t  mean p l a n t  c o v e r  v a l u e s  ( 1 4 . 4 %) ,  
f o l l o w e d  by t he  cu s h i o n  p l a n t  ( 10 . 6%)  and t he  snowbank  
communi t i es (7.1%).
When the t h r e e  d i f f e r e n t  communi ty types on which the  
d i s t u r bed  s i t e s  were l oca t e d  were s t r a t i f i e d  accordi ng to 
age,  a d i f f e r e n c e  in mean p l a n t  cover  a t  d i f f e r e n t  per i ods  
of  t i me emerged.  Wi t h i n  the cushion p l a n t  communi ty type  
(Tabl e 2) ,  d i s t u r b a n c e s  ten years old or younger  had only  
10.1% mean v e g e t a l  c o v e r .  On m i d d l e - a g e d  s i t e s ,  2 0 - 3 0  
years o l d ,  the per cent  cover  of  v e g e t a t i o n  had i ncr eased  to 
16.1%. On the o l d e s t  s i t e s ,  the per cent  veget a l  cover  had 
decreased to 14.4%. When compar ing va l ues  f o r  mean p l a n t  
c o v er  in t h e  c u s h i o n  p l a n t  c o m m u n i t i e s  w i t h  v a l u e s  f o r  
undi s t urbed cushion p l a n t  communi t i es taken f rom Johnson 
and B i l l i n g s  ( 1 962 ) ,  the f o r mer  va l ues were s i g n i f i c a n t l y  
1ower .
Wi t h i n  the Deschampsi a meadow type ( Tabl e  3) ,  on s i t e s  
ten years ol d or younger ,  the veget a l  cover  was 15.8%. On
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Table 1. Comparison of  disturbed s i t es in r e l a t i on  to 




Number of sites 71 9 4
% of total sites 85% 10% 5%
Area (sq. meters) 32,090 1,236 138
% of total area 96% 3.7% 0.4%
Mean vegetal cover (%) 10.6% 14.4% 7.1%
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Table 2. Plant cover of cushion plant community type 
disturbances in re lation to th e ir  age
Age Group
Youngest Intermediate Oldest 
(1969-1980) (1950-1968) (1928-1930) Climax
Number of sites 49 10 12
Mean vegetal cover 10.1% 16.1% 14.4% 74%*
*Johnson and B illings (1962)
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Table 3. Plant cover of Deschampsia meadow community type 
_________ disturbances in relation to th e ir  a g e __________
Age Group
Youngest Intermediate Oldest 
(1969-1980) (1960-1968) (1928-1930) Climax
Number of Sites 3 3 3
Mean vegetal cover 15.8% 13.9% 3% 88%*
♦Johnson and Billings (1962)
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mi ddl e - aged s i t e s ,  20-30 years  o l d ,  the percent age  cover  of  
v e g e t a t i o n  was 13.9%, a s l i g h t  decrease.  At about  50 years  
of  age the percent  cover  of  v e g e t a t i o n  was onl y  3%. These 
d i s t u r b e d  s i t e s  have a s i g n i f i c a n t l y  l o we r  mean p l a n t  cover  
than t he  88% measur ed by Johnson and B i l l i n g s  ( 1 9 6 2 )  in  
undi s t ur bed Deschampsi a meadow communi t i es .
A l l  f o u r  snowbank communi ty s i t e s  were d i s t u r b e d  in 
t h e  1 9 2 8 - 1 9 3 0  e r a .  No s e p a r a t e  c l i m a x  v a l u e s  w e r e  
a v a i l a b l e  f rom Johnson and B i l l i n g s .
Age and Si ze of  Pi st urbed S i t e s
S i z e s  o f  d i s t u r b e d  s i t e s  r anged  f r om 1 t o 1 2 , 00 0  
s q u a r e  m e t e r s .  The t o t a l  a r e a  o f  d i s t u r b a n c e ,  n o t  
i n c l u d i n g  roads,  was 33,434 square met ers  (2% of  the study  
a r e a ) ,  w i t h  a mean s i z e  o f  3 9 8 . 4  s q u a r e  m e t e r s .  S i z e  
d i s t r i b u t i o n s  and t h e  p e r c e n t a g e  o f  p l a n t  c o v e r ,  moss 
cover ,  rocks and bare ground are shown in Tabl e  4.
The r e l a t i o n s h i p  between s i z e  o f  d i s t u r b a n c e  and age 
i s  shown i n T a b l e  5. O l d e r  d i s t u r b a n c e s  were  g e n e r a l l y  
found to be s m a l l e r  than more r e c e n t  ones.  Of the 19 s i t e s  
dated in the 1930' s,  12 (63%) were between 0 and 14 square
meters in area ( t he s m a l l e s t  s i z e  group)  and onl y  one was 
l a r g e r  than 48 square meters.
There were 13 s i t e s  in the i n t e r m e d i a t e  age group and 
9 (69%) of  these were 52- 744 square met ers  in s i z e .  None 
i n  t he  i n t e r m e d i a t e  age group wer e  i n  t h e  s m a l l e s t  s i z e
Table 4. Percentage of plant cover, moss cover, rocks and bare ground for various size disturbances 
on Iron Mountain
Size group (m2) Number Plant cover (%) Moss cover {%) Rocks (%) Bare ground (%)
1-14 15 13.4 1.8 56.5 22.0
20-48 15 9.8 0.1 65.7 16.7
52-96 12 10.5 0.1 62.8 20.2
102-192 17 15.9 0.1 61.1 11.1
270-744 19 14.0 0.2 61.0 10.6




Table 5. Number of sites and mean percent plant cover in 









1-14 5 .71(n=3)2 -  (n-0) 18.1 (n=12)
20-48 12.1 (n=6) 8.7 (n=3) 7.3 (n=6)
52-96 11.6 (n=10) 6.0 (n=2) -  (n-0) .
102-192 12.7 (n = l l ) 22.8 (n=5) 7.3 (n = l)
270-744 13.9 (n=17) 13.6 {n=2) -  {n=0)
990-12000 8.9 (n=5) 13.8 (n=l) -  (n=0)
1 = data are mean % plant cover
2 = number of sites
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c a t e g o r y  and o n l y  one was i n  t h e  l a r g e s t  s i z e  g r ou p .  
F i f t y - t w o  d i s t u r b e d  s i t e s  wer e  d a t e d  f o r  t he  y o u n g e s t  
p e r i o d .  T h i r t y - e i g h t  (73%) wer e  w i t h i n  t he  m i d d l e  s i z e  
groups ( 5 2 - 7 4 4  s q u a r e  m e t e r s ) ,  5 s i t e s  (10%)  were l a r g e r  
than 990 square me t e r s ,  w h i l e  9 (17%) were s m a l l e r  than 48 
square meters.
G e n e r a l l y ,  f o r  any age group,  s i z e  did not  appear  to  
be h i g h l y  c o r r e l a t e d  w i t h  p e r c e n t  c o v e r  o f  v e g e t a t i o n .  
However,  in the 1930's age group t h e r e  may be a p e r c e p t a b l e
t r e n d  t h a t  as t he  s i t e s  g e t  l a r g e r ,  t h e  p e r c e n t  c o v e r
decreases.  U n f o r t u n a t e l y ,  not  enough l a r g e  s i t e s  were in
t h i s  group to conf i rm t h i s .
Aspect  of  D i s t ur bed Si te
Most  o f  t he  d i s t u r b e d  s i t e s  (64 . 3%)  were  on n o r t h - ,  
n o r t h e a s t - ,  or  e a s t - f a c i n g  slopes ( F i g .  2).  The g r e a t e s t
amount  o f  v e g e t a l  c o v e r  was p r e s e n t  on t h o s e  d i s t u r b e d  
s i t e s  oc cur r i ng  on west  aspects  ( F i g .  3 ) .
SI ope of  Pi sturbed Si te
S i t e  s l o p e s  ranged f r om m o s t l y  f l a t  to ab ou t  s i x t y  
percent .  Ma i n l y  because s i t e s  u s u a l l y  were composed of  a 
v a r i e t y  of  s l opes,  the cover  i n f o r m a t i o n  f o r  slope does not  
s e p a r a t e  ou t  w e l l .  O b s e r v a t i o n s  i n  t he  f i e l d ,  h o w e v e r ,  
po i n t  to a decrease in cover  among and w i t h i n  i n d i v i d u a l  








Fi g.  2.  Locat i on o f  d i s t u r b e d  s i t e s  r e l a t i v e  to aspect ,  













J i g .  3
13.0  —
10 . 0 ..
W, SW, NW S , SW, SE E,NE,SE N,NW,NE 
( n = 2 0 ) ( n = 15) (n = 40)  (n = 40)
ASPECT
Mean p l a n t  cover  (%) on d i s t u r b e d  s i t e s  r e l a t i v e  
to a spec t .
n = number of  s i t e s .  Some s i t e s  were used more 
than once in F i g .  3 due to t he  na t ur e  of  the  
f i  g u r e .
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u n s t a b l e .
I n t e n s i t y  o f  D i s t ur bance
Var i ous  i n t e n s i t i e s  of  d i s t u r b anc e  were observed on 
I ron Mount a i n ,  f rom mi ni mal  i mpacts caused by the passage 
of  a s i ng l ' e  v e h i c l e  t o c o m p l e t e  r e mov a l  o f  t he  s o i l  and 
v e g e t a t i o n .  The i n t e n s i t y  o f  d i s t u r b a n c e  a p p e a r e d  to  
i n f l u e n c e  vege t a l  cover :  the more i n t e n s e  the d i s t u r b a n c e
had been,  the l ess  v e g e t a t i o n  was p r e s e nt  a t  the t i me  of  
data c o l l e c t i o n .  Seven s i t e s  surveyed were on l y  l i g h t l y  
scraped across the sur f ace  by a dozer  bl ade.  The average  
cover  va l ue on a l l  seven s i t e s  (16.4%) was h i ghe r  than the  
mean of  12.6% f o r  a l l  d i s t u r b anc e s .
Crushing and compact ing f rom t i r e s  a l so  changed the  
s p e c i e s  c o m p o s i t i o n  on t he  s i t e  in some c a s e s .  In a 
cushion p l a n t  communi ty type w i t h  n o r t h we s t  a s pe c t ,  umber  
p u s s y t o e s  ( A n t e n n a r ^ a  u m b r i j i e l J j O  was l e s s  p r e v a l e n t  on 
t i r e  t r a c k s  made by one pa ss  o f  a v e h i c l e  t h a n  on 
s u r r o u n d i n g  u n d i s t u r b e d  s i t e s .  A change i n s p e c i e s  
composi t i on can e f f e c t  the p l a n t  cover .
Parent  Ma t e r i  al  of  Pi sturbed Si te
Of t h e  t h r e e  p a r e n t  m a t e r i a l s  f ound t o o c c u r  in  
c on j unc t i on  w i t h  the d i s t u r b e d  s i t e s ,  f i f t y - s e v e n  s i t e s ,  or 
s i x t y - e i g h t  p e r c e n t ,  were on h o r n f e l s ;  t w e n t y - t w o  s i t e s ,  or  
t w e n t y - s i x  p e r c e n t ,  were on u l t r a m a f i c  rock;  and 5 s i t e s ,  
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PARENT MATERIAL
Fi g.  4.  Mean p l a n t  cover  (%) on the t h r e e  parent  
m a t e r i a l s  found on I r on  Mountai n.
n = number of  s i t e s .
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of  the s i t e s  was h i ghe s t  o v e r a l l  on the u l t r a m a f i c  rocks.
S i t e s  w i t h i n  the Deschampsia meadow communi ty type  
produced the h i ghest  mean p l a n t  cover  on a l l  t h r e e  par ent  
m a t e r i a l s  ( T a b l e  6 ) .  I t  s hou l d  be no t e d  t h a t  75% o f  t he  
cushion p l a n t  communi ty s i t e s  are on h o r n f e l s ,  w h i l e  most  
( 66%)  o f  t h e  D e^c h â m ££ j [ a  meadow t y p e  s i t e s  a r e  on 
u l t r a m a f i c  r o c k s .  The h i g h e s t  c o v e r  v a l u e s  f o r  bot h  
c u s h i o n  p l a n t  and D e s c h a m ^ s u  meadow t y p e s  a r e  on 
u l t r a m a f i c  pa r e nt  m a t e r i a l .  U l t r a i maf i c  rock has a h i gher  
i r on  and magnesium c ont e n t  than the h o r n f e l s .  The mi ner a l  
composi t i on of  the g l a c i a l  de po s i t s  cannot  be e s t i ma t e d .  
G l a c i a l  depos i t s  suppor t  about  h a l f  and h a l f  cushion and 
Deschampsi a meadow t y pe s ,  bu t ,  in t h i s  case,  the mean cover  
val ue f o r  the cushion type has dropped q u i t e  low (4.5%).
Soi l  pH and Text ure  on Pi s t ur bed S i t e s
Soi l  pH and t e x t u r e  were f a i r l y  un i f orm on a l l  s i t e s
in the study area.  A l l  the s o i l s  were l oams,  s i l t y  loams,
or c l a y e y  loams.  The pH ranged f rom 4.5 to n e u t r a l ,  w i t h  
most f a l l i n g  in the weak l y  ac i d  c a t e g or y  between 5.5 and
6.5.  A t a b l e  of  t h e i r  va l ues  can be found in Appendix B.
THE RECOVERY PROCESS
The r ecover y  process encompasses t h r e e  main aspects of  
the p l a n t  community:  t i m e ,  s p e c i e s ,  and sequence.
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Table 6. Plant cover re la tive  to parent material and 
community type
Community
Parent Material Cushion Deschampsia Snowbank
Hornfels 10.81(n=53)2 11.1 (n=l) 9.7 (n=3)
Ultramafic 11.9 (n=15) 15.9 (n=6) 1.2 (n=l)
Glacial 4.5 (n=3) 10.0 (n=2) - (n=0)
1 = data are mean % plant cover
2 = number of sites
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T i me
Recovery above t r e e l i n e  on I r on Mountain i s s l ow,  even 
w i t h  t he  h e l p  o f  a r t i f i c a l  r e v e g e t a t i o n  ( F i g .  5) .  Ten 
y e a r s  a f t e r  d i s t u r b a n c e ,  s i t e s  had o n l y  a mean c o v e r  o f  
10.2%. T w e n t y  t o  t h i r t y  y e a r s  a f t e r  d i s t u r b a n c e ,  mean 
c o v e r  was s t i l l  l o w ,  15 . 9%.  As a g r o u p ,  t h e  ' o l d '  
d i s t u r b a n c e s  l a g  be h i nd  t he  o t h e r  d i s t u r b a n c e s  in mean 
p l a n t  cover ,  even though they have had more t i me  f o r  p l a n t  
i n v a s i o n .  I t  shou l d  be n o t e d ,  h o w e v e r ,  t h a t  none o f  t he  
s i t e s  in t h i s  group had undergone a r t i f i c i a l  r e v e g e t a t i o n , 
t h r ee  of  the s i t e s  were excavated f rom bare rock ,  and t hr ee  
were l oc a t e d  under l a t e  snowbanks.  Judging by the presence  
of  i n t r oduced  speci es on s p e c i f i c  s i t e s ,  i t  appears t h a t  at  
l e a s t  15% o f  t h e  ' m i d d l e '  group and 63% o f  t h e  ' young'  
group were a r t i f i c i a l l y  r e v e g e t a t e d .  These f i g u r e s  do not  
i n c l u d e  s i t e s  t h a t  m i g h t  have been p l a n t e d  w i t h  seed or  
plugs f rom n a t i v e  p l a n t s .
I f  the p r esent  r a t e  of  6-10% a d d i t i o n a l  cover  per  ten 
years was to c o n t i n u e ,  i t  would take about  anot her  cent ury  
a t  l e a s t  t o  r e a c h  a c o v e r  v a l u e  s i m i l a r  t o  t h a t  o f  
undi s t ur bed communi t i es ( i g n o r i n g  the setback f o r  the ' old'  
group) .
When the d i f f e r e n t  age groups are f u r t h e r  broken down 
in i n d i v i d u a l  communi ty t y pe s ,  the mi dd l e  age cushion p l a n t  
s i t e s  show the h i ghe s t  cover  ( F i g.  6) ,  and the most r ecent  
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p l a n t  cover  ( F i g.  7) .
Species
A t o t a l  of  149 v a s c u l a r  p l a n t  speci es  were c o l l e c t e d  
and i d e n t i f i e d  f rom I ron Mount ai n.  This i nc l uded 23 grass  
speci es ( f o u r  of  them i n t r oduc ed  to the a r e a ) ,  18 sedges,  
f i v e  rushes,  and ten low shrubs.  Four t r e e  speci es found 
i n  t he  f o r e s t  j u s t  be l o w t i m b e r ! i n e  were  c o l o n i z i n g  
di s t u r b anc es .  These were l odgepol e  pi ne ( Pinus c o n t o r t a ) ,  
w h i t e b a r k  p i n e  ( P.1 n u.1 a ]_ b i_ £  a u_ 1_1 £ ) ,  s u b a l p  i ne  f i r  ( A b i_ e £  
I a s i  oc ar pa ) ,  and Engelmann spruce ( P i c e a e n g e l ma n n i i ). The 
l a s t  t h r ee  were o c c a s i o n a l l y  found in c r i p p l e d  form on the  
study s i t e ,  above t r e e l i n e .  As t r e e l i n e  was approached,  
t he  t r e e  s p e c i e s  g r a d u a l l y  t h i n n e d  o u t ,  but  t h e r e  was a 
more d e f i n i t e  and abrupt  change of  the unde r s t or y  a t  t h i s  
p o i n t  f r om p r i m a r i l y  g r o u s e  w h o r t l e b e r r y  (V acc i^ ru jm  
o £ a r i^ m ) t o  t he  more v a r i e d  he r b  c o v e r  o f  t he  a l p i n e  
zone .
Several  l i c h e n s  were a l s o  c o l l e c t e d  on the study s i t e ,  
i n c l u d i n g  T]ia.mn^ol_i_a. v e r m £ c u l j i r i _ s 9 Corni_cu_l_ari_a a c u j j i t a ,  
Lepocaulon spp. ,  Le t h a r i  a c o l u mb i a n a , L. v u1p i n a , Cal op! aca  
s a x i c o1 a , C e t r a r i  a a r e n a r i  a , and U m b i 1 i c a r  i a r e l 1 a . Lichen  
i d e n t i f i c a t i o n  was made by Roger Rosent reder  of  the U.M. 
Botany Depar tment .
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and on d i s t u r b e d  s i t e s .  However ,  some s pe c i e s ,  such as the  
i n t roduced grasses meadow f o x t a i l  ( A1opecurus p r a t e n s i  s ) ,  
red f e s c u e  (Fes^tuca r û b r a_), and smooth brome (Bromus  
i n e r mi s) were observed on l y  on the d i s t u r b e d  s i t e s ,  w h i l e  
ot her  p l a n t s ,  such as Brewer ' s  sedge ( Carex b r e we r i ) ,  were 
c o l l e c t e d  onl y  f rom undi s t ur be d  n a t i v e  communi t i es .  S i x t h -  
t h r ee  pe r c e n t  (94 s pec i es )  of  a l l  speci es c o l l e c t e d  were 
f ound g r o w i n g  on d i s t u r b e d  s i t e s .  Of t h e s e ,  a l l  bu t  t he  
few i n t r o d u c e d  s p e c i e s  wer e  a l s o  f ound on u n d i s t u r b e d  
si t e s .
A l i s t  o f  a l l  p l a n t  speci es  c o l l e c t e d  can be found in 
Appendix A al ong w i t h  i n f o r m a t i o n  on whet her  they  had been 
observed in d i s t u r b a n c e s  or  not .
The ten most s i t e  f r e q u e n t  speci es found on d i s t u r b e d  
s i t e s  w e r e  a l l  n a t i v e  ( T a b l e  7 ) .  H o w e v e r ,  s p e c i e s  
c o n t r i b u t i n g  the most cover  o v e r a l l  were somewhat  d i f f e r e n t  
f r om t h e  most  s i t e  f r e q u e n t  ones ,  and i n c l u d e d  two  
i n t roduced spec i es .
Only f o u r  o f  the p l a n t s  on the top ten f r eque ncy  l i s t  
were a l so on the top ten cover  va l ue  l i s t .  These i nc l uded  
t he  t h r e e  g r a s s  s p e c i e s  a l p i n e  b l u e g r a s s  ( P o a a 1_£ i  n a ) ,  
sheep fescue ( Festuca ovi  n a ) ,  and t u f t e d  h a i r g r a s s ,  and the  
l o w  c u s h i o n  d i c o t ,  t w i n f l o w e r  s a n d w o r t  ( A r e n a  ri^a 
o b t  u sj_ l_o b a ) ,  a l l  n a t i v e s .  Seven o f  t h e  t e n  h i g h e s t  in  
cover  were grasses or  sedges.  The b l uegr a sse s  ( Poa spp.)  
as a group c o n t r i b u t e d  the most cover  w i t h  a l p i n e  bl uegrass
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Table 7. Plant species contributing highest frequency (% s ite  
frequency) and most cover on disturbed sites
Species with highest cover values Most frequent species
Poa species 12.0 1 Polygonum b is to rto id e s 79.8
Festuca rubra* 11.4 Luzula spicata 70.2
Aqropyron scribneri 9.4 Arenaria obtusiloba 70.2
Festuca ovina 6.2 Potentilla  d ive rs ifo lia 66.7
Deschampsia cespitosa 5.9 Poa alpina 64.3
Carex species 5.6 Festuca ovina 57.1
Arenaria obtusiloba 5.5 Trisetum spicatum 57.1
Alopecurus pratensis* 5.4 Silene acaulis 57.1
Lupinus argenteus 5.3 Deschampsia cespitosa 52.4
Draba species 4.3 Geum rossii 51.2
Species commori to both l i s t s
Cover value ranking Frequency ranking
Poa species 1 5
Festuca ovina 4 6
Deschampsia cespitosa 5 9
Arenaria obtusiloba 7 3
*  species introduced to the area
1 = mean re la tive  plant cover (%)
2 = site frequency ($)
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a t  6.7% and o t h e r  b l u e g r a s s  s p e c i e s  a d d i n g  an a d d i t i o n a l  
5.3%,  f o r  a t o t a l  o f  12%. The i n t r o d u c e d  gr a s s e s  red  
f e s c u e  and meadow f o x t a i l  c o n t r i b u t e d  11.4% and 5.4%,  
r e s p e c t i  v e l y .
O t h e r  s p e c i e s  t h a t  c o n t r i b u t e d  a t  l e a s t  2% t o t h e  
t o t a l  cover  i nc l uded the n a t i v e s  spi ke  t r i s e t u m  ( T r i s e t  u m 
s p i c a t  u m) ,  v a r i l e a f  c i n q u e f o i l  ( P o t e n t i 11 a di ve r s i  f o l i  a ) ,  
spi ke woodrush ( Luzula s p i c a t  a ) ,  Ross sandwort  ( Arenar i  a 
r o s s i i ) ,  and golden avens.
R e l a t i v e  cover  va l ues f o r  each aspect  i n d i c a t e  speci es  
dependence on h a b i t a t .  Us i ng  c o v e r  as a measure  o f  
i m p o r t a n c e ,  when t h e  f i v e  most  i m p o r t a n t  s p e c i e s  wer e  
compared f o r  the f o u r  c a r d i n a l  d i r e c t i o n s ,  the western and 
nor t her n  aspects were most d i s s i m i l a r ,  w i t h  no i mp o r t a n t  
speci es in common (Tabl e  8) .
Most  a l p i n e  p l a n t s  a r e  g e n e r a l i s t s  w i t h  a broad  
t o l e r a n c e  range and the a b i l i t y  to occupy a wide number o f  
h a b i t a t s  ( P r i c e  1 9 8 1 ) .  H o w e v e r ,  some s p e c i e s ,  such as 
n o r t h e r n  g o l d e n r o d  ( S ol^c^a^o m i l l t l l j i  d l £ t  a ) ,  v a r i l e a f  
c i n q u e f o i l ,  and S c r i b n e r  wheat grass ( Agropyron s c r i b n e r i ) ,  
showed c l e a r  aspect  p r e f e r e n c e s  and were i mp o r t a n t  onl y  on 
one aspect .  Tuf t ed h a i r g r a s s  was pr e s e nt  on the two cool  
( nor t h  and e a s t )  aspec t s ,  red f escue was i mp o r t a n t  on t h r e e  
aspects ( we s t ,  south and e a s t ) .
D i f f e r e n t  p l a n t  speci es  were found to be i mp o r t a n t  on
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Arenaria obtusiloba X X
Soli dago multiradiata X
Poa species X X
Potentilla  d ive rs ifo lia X
Festuca rubra* X X X
Deschampsia cespitosa X X
Alopecurus pratensis* X






*  species introduced to the area 
1 = according to re la t ive  cover values
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the d i s t u r b e d  s i t e s  w i t h i n  d i f f e r e n t  communi t i es  ( Tabl e  9) .  
Over h a l f  o f  the ten most i mp o r t a n t  spec i es  in the cushion  
p l a n t  type were a l so among the ten most i m p o r t a n t  speci es  
in the Deschampsi a meadow t ype ,  but  on l y  t u f t e d  h a i r g r a s s  
i t s e l f  was i m p o r t a n t  i n  a l l  t h r e e  c o m m u n i t i e s .  The 
i n t r oduced  grasses red fescue and meadow f o x t a i l  had the 
h i g h e s t  i m p o r t a n c e  r a t i n g  i n  t h e  c u s h i o n  p l a n t  and t he  
Deschampsi a  meadow communi ty t ypes ,  r e s p e c t i v e l y .  Payson 
sedge ( Carex paysoni  s ) was the most i m p o r t a n t  speci es in 
the snowbank communi ty.
The number  o f  s p e c i e s  f ound i n  each c o m m u n i t y ,  t he  
speci es r i c h n e s s ,  was 97,  59,  and 24,  r e s p e c t i v e l y ,  f o r  the  
c us h i on  p l a n t ,  Des c ha.niRli® meadow,  and snowbank t y p e s .  
C l e a r l y ,  i n  t h e  d i s t u r b e d  s i t e s  s t u d i e d ,  r i c h n e s s  was 
g r e a t e r  in the cushion p l a n t  communi t i es.
O n l y  one r e l a t i v e l y  r a r e  p l a n t  ( H i t c h c o c k  and 
C r o n q u i s t  1977)  was f ound:  Jones c o l u m b i n e  ( A ̂  u i_ l_e £ l a
j ones i  i ) ,  an herbaceous c a l c i p h i l e .  The speci es  was found  
onl y  in a smal l  area south and sout heast  of  I r on  Mountain  
South,  growi ng in very rocky s i t u a t i o n s .  I t  grew in both 
undi s t ur bed  n a t i v e  communi t i es and on d i s t u r b e d  s i t e s ,  as 
among the rocks on the berm of  the spur  road t h a t  went  to 
the summi t  of  I ron Mountain South.
One u n d e s i r a b l e  i n t r oduced  speci es was found growing  
on d i s t u r b e d  s i t e s :  common d a n d e l i o n  ( T a r a  x ac û m
o f f i c i n a l e ). I t  occurred on e i g h t  s i t e s ,  i n c l u d i n g  west ,
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Table 9. Species importance* and percent contribution according 
to community type
Communities
Plant species Cushion Deschampsia Snowbank
Agropyron scribneri 9.9 - -
Alopecurus pratensis* 3.8 39.4 -
Arenaria obtusiloba 5.Z 1.5 -
Carex species P 3.1 -
Carex paysonis P P 46.4
Carex pyrenaica P P 7.1
Deschampsia cespitosa 5.4 15.8 17.9
Dryas octopetala P 1.5 -
Festuca ovina 6.5 P P
Festuca rubra* 11.3 15.8 -
Hieracium gracile P P 3.6
Lupinus argenteus 4.7 P P
Luzula parviflora P P 7.1
Luzula spicata P P 3.6
Poa species 5.5 3.1 P
Poa alpina 7 P P
Polygonum bistortoides P 1.5 P
Potentilla  d iv e rs ifo lia P 1.5 P
Ranunculus eschsoltzii P P 3.6
Trisetum spicatum 3.5 3.1 -
*  species introduced to area
1 = according to re la t ive  cover values
2 = present
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south and east  a spec t s .
Sequence
When b o t h  age and c o m m u n i t y  w e r e  t a k e n  i n t o  
c o n s i d e r a t i o n ,  a change in speci es i mpor t ance can be seen 
w i t h i n  t he  c o mmu n i t y  t y p e s .  W i t h i n  t h e  c u s h i o n  p l a n t  
communi ty type ( Tabl e  10) ,  grasses and a couple of  smal l  
h e r b s  g i v e  way t o  l a r g e r  h e r b s ,  and f i n a l l y  t o  a 
combi nat i on herb/ sedge communi ty.  Red fescue was the most  
i m p o r t a n t  s p e c i e s  on t he  y o u n g e r  s i t e s ,  but  i t  d i d  no t  
occur a t  a l l  on o t h e r - a g e d  s i t e s .  Red fescue is a f a i r l y  
new i n t r o d u c t i o n .  A n o t h e r  i n t r o d u c e d  s p e c i e s ,  meadow 
f o x t a i l ,  a l s o  o c c u r s ,  bu t  i s  l ow on t he  l i s t .  The most  
i mpo r t a n t  n a t i v e  i s  S c r i b n e r  wheat grass .  On the m i d d l e -  
aged s i t e s ,  a l l  i m p o r t a n t  s p e c i e s  a r e  n a t i v e s ,  w i t h  t he  
herb s i l v e r y  l u p i n e  (Lu.p.lnu.1 i r ^ e n t e u s )  by f a r  t h e  most  
i m p o r t a n t  (25% r e l a t i v e  c o v e r ) .  On t he  o l d e r  s i t e s ,  
s i l v e r y  l u p i ne  drops in i mpor t a nce ,  and the sedges,  w i t h  a 
combined r e l a t i v e  cover  o f  a l most  30%, take over .
Wi t h i n  the Deschampsi a  meadow communi ty type ( Tabl e  
1 1 ) ,  any c l e a r  sequence has been masked by t h e  t wo  
i n t roduced gr asses ,  a l t hough f orbs  g e n e r a l l y  appear  to p l a y  
a l e s s e r  r o l e  and grasses and sedges domi nate t hroughout  
t he  sequence.  On t h e  y o u n g e r  s i t e s  t he  i n t r o d u c e d  g r a s s  
meadow f o x t a i l  was t he  most  i m p o r t a n t  s p e c i e s  w i t h  56% 
r e l a t i v e  cover .  Here,  red fescue a l so  was i mp o r t a n t  (22%
Table 10. Species ranked* according to importance^ in three age groups w ith in  disturbed s ites
located in cushion plant communities
Community Age



















Potentilla  d ivers ifo lia  
Poa alpina 
Aqropyron scribneri
Carex paysoni s 
Carex species 
Potentilla  d ivers ifo lia  
Geum rossi i 
Lupinus arqenteus 







*  species introduced to the area
1 = most import species at top of l i s t
2 = according to re la tive  cover values
3 = Johnson and Billings (1962)
Carex rupestri s 








Table 11. Species ranked* according to importance^ in three age groups w ith in  disturbed sites
located in Deschampsia meadow communities
Community Age





























*  species introduced to the area
1 = most important species at top of l i s t
2 = according to re la tive  cover values




r e l a t i v e  c o v e r ) .  A l t h o u g h  some n a t i v e  s p e c i e s  were  
p r e s e n t ,  t h e i r  i m p o r t a n c e  was much l o w e r  ( a b o u t  5 % f o r  
spike t r i s e t u m ) .  In the mi dd l e - a ged  group t h e r e  were no 
i n t roduced spec i es .  Tu f t ed  h a i r g r a s s  was by f a r  the most  
i mp o r t a n t  spec i es  in t h i s  group w i t h  58% r e l a t i v e  cover .  
The o l d e s t  d i s t u r b e d  s i t e s  had a p a u c i t y  o f  s p e c i e s .  
Bluegrass spec i es  demonst ra ted the most i mpor t ance .
No t r e nds  were de t er mi ned f o r  the snowbank communi t i es  
since a l l  s i t e s  w i t h i n  t h i s  communi ty type were w i t h i n  the  
o l d  age g r oup .  Payson s e dge ,  h o w e v e r ,  was t h e  most  
i m p o r t a n t  s p e c i e s  w i t h  46% r e l a t i v e  f r e q u e n c y .  The 
i m p o r t a n t  s p e c i e s  f o r  t h i s  c o mmu n i t y  t y p e  a r e  f ound in  
Tabl e 12.
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Table 12  ̂ Species ranked* according to importance^ within  
old-aged'* disturbed sites located in snowbank communities
Carex paysoni s 
Deschampsia cespitosa 
Carex pyrenaica 
Luzula parviflora  
Hieraciurn g rac ilis  
Luzula spicata 
Ranunculus eschsoltzii
1 = most important species at  top of l i s t
2 = according to re la t ive  cover values





Bamberg ( 1 9 6 1 )  recommended u s i n g  more a c c u r a t e  
t e c h n i q u e s  in a l p i n e  v e g e t a t i o n  t han  t h o s e  he u s e d - - t h e  
quadrat  method of  Dahl as mo d i f i e d  by Osburn and the cover  
e s t i m a t i o n  method of  Daubenmire.  The p o i n t  quadrat  method 
g i v e s  an a c c u r a t e  r e p r e s e n t a t i o n  o f  t h e  v e g e t a t i o n  i f  a 
s u f f i c i e n t l y  l a r ge  number of  po i n t s  are used (Brown 1954) .  
Howe ver ,  t h i s  method i s  t i m e - c o n s u m i n g ,  e s p e c i a l l y  i f  
p o i n t s  a r e  d i s t r i b u t e d  i n d i v i d u a l l y  as recommended by 
Goodal l  (1952)  to improve e s t i m a t e s  f o r  the more abundant  
s p e c i e s .  As a c o mp r o mi s e ,  t he  a c c u r a t e  method o f  p o i n t  
quadrat s was used,  but  the po i n t s  were ar ranged in f rames  
to save t i me .  Al though e s t i m a t e s  of  i n d i v i d u a l  p l a n t s  were 
compromised,  the t o t a l  per cent  v e g e t a t i o n  was not .
The po i n t  quadrat  method,  as opposed to the e s t i m a t i o n  
methods p r e v i o u s l y  m e n t i o n e d ,  was a l s o  more f o r g i v i n g  
i n i t i a l l y  in p l a n t  i d e n t i f i c a t i o n .  The p l a n t s  h i t  were  
g e n e r a l l y  t he  more i m p o r t a n t  and t h e r e f o r e  known ones.  
O c c a s i o n a l l y ,  an unknown was h i t  and c o u l d  e a s i l y  be 
c o l l e c t e d .  Once f a m i l i a r  w i t h  a l l  of  the v e g e t a t i o n  t h e r e ,  
i t  was easy  to go back t o t h e  f i r s t  s i t e s  measur ed and
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q u i c k l y  r e c o r d  p r e s e n c e  o f  a l l  s p e c i e s  o c c u r r i n g  on t he  
s i t e .  As a g r o u p ,  t he  sedges wer e  t h e  most  d i f f i c u l t  to  
i d e n t i f y ,  and some r e s e r v a t i o n s  concern i ng speci es should 
be made because  o f  t h i s .  D i s t i n g u i s h i n g  be t we e n  Payson 
s e d ge  and R a y n o l d s  s e dg e  ( C a r e x  1.1^11° l ^ l l D  was  
p r o b l e m a t i c .  I d e n t i f i c a t i o n  of  i n t r oduc e d  speci es was also  
d i f f i c u l t .  There were two reasons f o r  t h i s :  d i f f i c u l t y  in
f i n d i n g  speci es d e s c r i p t i o n s  in the l i t e r a t u r e ,  and f a i l u r e  
of  many i n t r oduced  speci es to produce f l o w e r s  in the 1981 
f i e l d  season.
But t h e r e  wer e  d i f f i c u l t i e s  w i t h  t he  p o i n t  f r a me  
i t s e l f .  As the summer pr ogressed,  the l e ngt h  of  the f rame  
pr oved to be too g r e a t .  Many o f  t he  s i t e s  were  h i g h l y  
v a r i a b l e  in topography,  and the r i g i d i t y  and l engt h  of  the  
apparat us made i t  d i f f i c u l t  to f o r c e  i t  to conform to those  
i r r e g u l a r i t i e s ,  o f t e n  mak i ng t h e  i n v e n t o r y  f r u s t r a t i o n .  
The po i n t  of  the pin had to be p r o j e c t e d  down, and the h i t  
e s t i ma t e d .  Metal  in we l d i ng rods was too s o f t  to use f o r  
the pins and o c c a s i o n a l l y  they would get  bent  on the rocks.  
T h i s  made i t  d i f f i c u l t  t o r a i s e  and l o w e r  them in t he  
f r a m e .  Keep i ng  t he  p o i n t  o f  t h e  t i p s  shar p  f o r  a c c u r a t e  
r e s u l t s  w h i l e  work i ng among so many rocks r e qu i r e d  const ant  
a t t e n t i o n .
Brown ( 1 9 5 4 )  recommended t h a t  f o r  s a t i s f a c t o r y  
r e s u l t s ,  the work should be done on a wi nd l ess  day to avoid  
i n a c c u r a c i e s  caused by p l a n t  p a r t s  moving a g a i n s t  or away
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f rom the pi ns.  A wi ndl ess  c o n d i t i o n  a l most  never  e x i s t e d ,  
but ,  f o r t u n a t e l y ,  the v e g e t a t i o n  was low and compact  and 
wind was t h e r e f o r e  not  a ser i ous problem except  w i t h  the  
t a l l  stems of  meadow f o x t a i l .
I t  was e x t r e m e l y  d i f f i c u l t  t o  f i n d  a d e q u a t e  
d o c u m e n t a t i o n  t o  d a t e  t h e  s i t e s  f o r  age o f  l a s t  
d i s t u r b a nc e .  Because w r i t t e n  records d e t a i l i n g  the date  
and type of  t r e a t m e n t  f o r  each s i t e  were e i t h e r  never  kept  
or had been l o s t ,  r e l i a n c e  had to be made on the memories  
of  o t he r  people to supply the i n f o r m a t i o n .  One of  the main 
l i m i t a t i o n s  o f  w o r k i n g  on f i e l d  s t u d i e s  i s  t h a t  f ew  
r e l i a b l e  c o n c l u s i o n s  can be made because  o f  t h e  l a c k  o f  
c o n t r o l .  C o mmo n l y  i t  i s  p o s s i b l e  t o  p o i n t  o u t  
g e n e r a l i t i e s ,  however.
Due to the h i g h l y  v a r i a b l e  na t ur e  of  the d i s t u r b a n c e s ,  
usual  met hods o f  v e g e t a t i o n  a n a l y s i s  wer e  no t  a l w a y s  
workabl e .  The d e t e r m i n a t i o n  of  sample s i z e  was a case in 
p o i n t ,  as a l r e a d y  m e n t i o n e d  in t h e  s e c t i o n  on Cover  in  
C h a p t e r  T h r e e .  The method o f  p l o t t i n g  t he  mean or  t he  
st andard e r r o r  of  the mean a g a i n s t  the number of  samples to 
c a l c u l a t e  sample s i z e  gave a sample s i z e  g r e a t e r  than 20% which  
was s i m p l y  too l a r g e  and t i m e - c o n s u m i n g  t o measur e .
VEGETATIVE RECOVERY: THE FACTORS INVOLVED
The c l i m a x  c o m m u n i t y  on I r o n  M o u n t a i n ,  once  
d r a s t i c a l l y  d i s t u r b e d  by mini ng e x p l o r a t i o n ,  w i l l  pr obab l y
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be l o s t  due to the c r e a t i o n  of  new mi cr oenv i r onme nt s  and 
t he  s l ow but  i n e v i t a b l e  change i n r e g i o n a l  c l i m a t e  f r om  
t h a t  under  wh i c h  t h e  v e g e t a t i o n  o r i g i n a l l y  e v o l v e d .  
Condi t i ons  on the d i s t u r b e d  s i t e s  may we l l  be ou t s i de  the  
env i r onment a l  a mp l i t u d e  of  many n a t i v e  p l a n t s  in the c l i ma x  
communi ty.  I t  i s  t h i s  new env i ronment  t h a t  w i l l  c on t r o l  
the d i r e c t i o n ,  r a t e ,  and process of  succession and veget a l  
r ecover y  a f t e r  the d i s t u r b a n c e .
R e c o v e r y ,  on t he  o t h e r  hand,  as i n d i c a t e d  he r e  by 
per cent  cover ,  i s  t a k i n g  p l a c e ,  a l t hough the process w i l l  
be s l ow on I r o n  M o u n t a i n .  S p o r a t i c  f e r t i l i z a t i o n  by 
i n d u s t r y  c o n f u s e d  t he  i s s u e  o f  what  s p e c i e s  and what  
f a c t o r s  were i m p o r t a n t ,  however .
Most C r i t i c a l  Fact ors
Pi s t urbance i nten s i t y . The most obvious r e s u l t  of  the  
mi ni ng e x p l o r a t i o n  c a r r i e d  out  over  the past  s i x t y  or so 
y e a r s  on I r o n  M o u n t a i n  i s  s i t e  m o d i f i c a t i o n .  The  
mi cr ot opogr aphy  has been a l t e r e d  by b l a s t i n g ,  d i g g i n g ,  and 
s c r a p i n g  t o c r e a t e  m u l t i - a s p e c t  m i c r o s i t e s  o f t e n  h a v i n g  
s t e e p e r  s l o p e s  t han  o c c u r r e d  i n t he  u n a l t e r e d  n a t u r a l  
s t a t e .  S i t e s  t h a t  have not  been recont oured o f t e n  become 
smal l  r e s e r v o i r s  and hold snow or  wat er  f o r  p a r t  or  a l l  of  
the growing season.
The more i n t e n s e  the d i s t u r b a n c e ,  the more s o i l  and
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v e g e t a t i o n  (and p o s s i b l y  mi cr oor gan i sms such as my c o r r h i z a e )  
l o s t ,  and the s l ower  the r e c o v e r y  process.  But even l ow-  
i n t e n s i t y  d i s t u r b a n c e  w i l l  have some e f f e c t .  This i s  shown 
by a s p e c i e s  c o m p o s i t i o n  change due t o  o n e - t i m e  v e h i c l e  
us e .
Surroundi ng comm un i t y  t y p e . The sur roundi ng n a t i v e  
c o mmu n i t y  t y p e  and m i c r o c l i m a t e  o f  t h e  d i s t u r b e d  a r e a  
appear  to have the c l o s e s t  c o r r e l a t i o n  w i t h  r ecover y  r a t e .  
S i t e s  w i t h  a s i m i l a r  i n t e n s i t y  o f  d i s t u r b a n c e  bu t  a 
d i f f e r e n t  r ecover y  r a t e  are o f t e n  surrounded by d i f f e r e n t  
n a t i v e  communi t i es .
The c o m m u n i t i e s  t h e m s e l v e s  a r e  r e l a t e d  t o  de pt h  o f  
w i n t e r  snow a ccumul a t i on  and t i me  of  snow m e l t i n g  (Johnson 
and B i l l i n g s  1 9 6 2 ) .  I n d e e d ,  t h e  p a t t e r n  o f  snow 
a c c u m u l a t i o n  and snow m e l t  i s  a p r i m a r y  f a c t o r  i n  t he  
e s t a b l i s h m e n t  of  a l p i n e  v e g e t a t i o n  p a t t e r n s  ( P r i c e  1981). 
Geum t u r f  s i t e s ,  accor d i ng to the above a u t ho r s ,  are too 
exposed f o r  e x t e n s i v e  snow a c c umul a t i o n .  Here,  the wind i s  
a l l o w e d  f r e e  p l a y ,  and i t s  d e s i c c a t i n g  i n f l u e n c e  i s  
pr obabl y  f e l t  most f u l l y .  Wind b l owi ng away exposed so i l  
and seeds i s  most  l i k e l y  a f a c t o r  h e r e ,  as a r e  h i gh  
e v ap o r a t i o n  r a t e s .  Cushion p l a n t  s i t e s  occupy most of  the  
d i s t u r b e d  area (96%) but  are slow to r ecover  (mean veget a l  
cover  of  10.6% as compared w i t h  14.4% f o r  the Deschampsi a  
t y p e s ) .
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D £ l £ i l i n i £ l i i  meadow s i t e s ,  on t he  o t h e r  hand,  a r e
pr o t e c t e d  f rom the w i n t e r  c l i m a t e  by snow cover  which may
p e r s i s t  u n t i l  t h e  m i d d l e  o f  J u l y .  S o i l  and seeds ar e  
p r o t e c t e d  and w a t e r  r e l a t i o n s  a r e  r e l a t i v e l y  good.  
A c c o r d i n g  to Brown and Jo hn s t o n  ( 1 9 7 6 ) ,  t he  r e s u l t s  of  
wat e r  r e l a t i o n s  research i n d i c a t e  t h a t  the a v a i l a b i l i t y  of  
wat e r  dur i ng the growing season on a l p i n e  d i s t u r b a nc e s  i s  
one of  the most i mp o r t a n t  l i m i t i n g  f a c t o r s  to the su r v i v a l  
of  f i r s t  y e a r  s e e d l i n g s .  De_S£!l£m£ll£ s i t e s  a p p e a r  to  
r ecover  f a s t e r  than cushion p l a n t  s i t e s ,  p o s s i b l y  because 
r e v e g e t a t i o n  by i n t roduced speci es i s  more l i k e l y  in t h i s  
more pr o t e c t e d  and w e t t e r  env i r onment .
Snowbank communi t i es ,  grouped w i t h  Deschampsi a  meadow 
t y p e s  by Johnson and B i l l i n g s  ( 1 9 6 2 ) ,  a r e  c o n s i d e r e d  
s e p a r a t e l y  h e r e .  Even n o r m a l l y ,  t h e s e  a r e a s  may have 
l i t t l e  v e g e t a t i o n  i f  t he  snowbank l a s t s  i n t o  August  or  
S e p t e m b e r .  And,  when t he  snow does m e l t ,  t h e  s i t e s  ar e  
of t e n  s u pe r sa t u r a t e d .  Slumping can be a problem here ,  as 
i t  i s  on s i t e  #16,  a t r e n c h ,  and on s i t e  #79,  a p i t ,  both
on a 55% nor t h  slope where snow l i e s  q u i t e  l a t e  each year .
Snowbank s i t e s  had t he  l e a s t  o v e r a l l  c o v e r  and s p e c i e s  
r i chness.
A s p e c t .  D i s t u r b a n c e s  l o c a t e d  on we s t  a s p e c t s  ( a l l  
wer e  c u s h i on  p l a n t  c o mmu n i t y  t y p e s )  had a h i g h e r  mean 
v e g e t a l  c o v e r  t han  o t h e r  a s p e c t s  t a k e n  as a gr oup.  Th i s
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could p o s s i b l y  be due to the warming aspects of  the sun,  
q u i c k e r  m e l t i n g  o f  snow c o v e r ,  and t he  r e s u l t a n t  l o n g e r  
growing season.
S l ope . Al though hard to document ,  f i e l d  obs er v a t i ons  
i n d i c a t e  t h a t  s t e e p e r  s l o p e s  a r e  mor e  d i f f i c u l t  t o  
r e v e g e t a t e  t h an  g e n t l e r  ones.  F a c t o r s  c o u l d  i n c l u d e  
i n s t a b i l i t y ,  s l umpi ng and scour i ng by r a i n .  However ,  on 
one s t e e p  and r o c k y  s l o p e ,  s i t e  #1 9 ,  n o r t h e r n  s t a r w o r t  
( S t e 11 a r i a  c a l y e a n t h a ) was p i o n e e r i n g  a p l ace  f o r  i t s e l f .
Re v e g e t a t i o n  e f f o r t s . As a l r e a d y  ment i oned,  s i t e s  in 
"the De^cjiam]DSj_a c o mmu n i t y  a p p e a r  t o r e c o v e r  f a s t e r  t han  
t h os e  i n o t h e r  c o m m u n i t i e s .  T h i s  c o u l d  be due t o  t he  
combi nat i on of  p r o t e c t i o n  f o r  so i l  and seed f rom the snow 
cover ,  and good wa t e r  r e l a t i o n s  coupled w i t h  r e v e g e t a t i o n  
e f f o r t s .  These e f f o r t s  are more l i k e l y  to succeed in such 
an env i r onment  than the d r i e r ,  w i n d i e r  cushion p l a n t  type  
where r e c l a m a t i o n  would prove more d i f f i c u l t  to accompl i sh.  
The younger  Deschampsi a  s i t e s  had t h r e e  t i me s  more cover  on 
them o v e r a l l  t han  d i d  t he  o l d e r  s i t e s .  T h i s  c o u l d  v e r y  
w e l l  p o i n t  t o  t he  success o f  t he  r e c e n t  r e c l a m a t i o n  
e f f o r t s .  As a l r e a d y  seen i n T a b l e  6,  i n t r o d u c e d  p l a n t s  
have much h i ghe r  cover  va l ues in Deschampsi a  meadow than 
cushion p l a n t  types.
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Moderat e! y  C r i t i c a l  Fact ors
Ac[e. Age s i n c e  d i s t u r b a n c e  may a l s o  h e l p  e x p l a i n  
r ecover y  d i f f e r e n c e s ,  a l t hough t h i s  mi ght  not  be r e a d i l y  
a p p a r e n t  f r o m t h e  d a t a .  On t he  De^chamRl l a .  t y p e s ,  t he  
o l de s t  s i t e s  had the l owe s t  per cent  cover ,  but  t h i s  may be 
exp l a i ned  by the f a c t  t h a t  some of  them had been b l as t e d  
out  of  s o l i d  r ock ,  some held wa t e r  or snow l a t e  i n t o  the  
g r o w i n g  s e a s o n ,  and none o f  them had been a r t i f i c a l l y  
r ev e ge t a t e d .  These f a c t o r s  can be q u i t e  s i g n i f i c a n t .
The low cover  va l ue found on cushion p l a n t  communi ty  
s i t e s  on t he  y o un ge r  d i s t u r b a n c e s ,  many o f  wh i ch  were  
r e c l a i m e d  d u r i n g  a p e r i o d  o f  i n c r e a s e d  e n v i r o n m e n t a l  
awareness,  mi ght  mer e l y  r e f l e c t  the f a c t  t h a t  not  enough 
t i me had e l apsed to a l l o w  the p l a n t s  to grow s u f f i c i e n t l y .
P<LH®ILJl m a t e r i a l .  The h i g h  c o v e r  v a l u e  on t h e  
u l t r a m a f i c  rocks can be a t  l e a s t  p a r t i a l l y  e x p l a i n e d  by the 
hi gh p e r c e n t a g e  o f  Des c h.a_m£!ia_ c o mm u n i t y  t y p e  on t h a t  
p a r e n t  m a t e r i a l ,  pe r haps  because i t  i s  more e r o d i b l e .  
Thus,  pa r e n t  m a t e r i a l  may be one of  the u l t i m a t e ,  but  more 
i n d i r e c t  c o n t r o l l i n g  f a c t o r s .
On t h e  o t h e r  hand,  r e t e n t i o n  of  snow and w a t e r  i n t o  
the growing season is  p r obab l y  one reason why a low cover  
v a l u e  ( 4 . 5%)  was f ound in t h e  case o f  c u s h i o n  p l a n t  
communi ty types on g l a c i a l  t i l l .
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Least  C r i t i c a l  Fact ors
S i l l -  The a v e r a g e  s i z e  o f  t he  d i s t u r b a n c e s  has 
i ncreased f rom the e a r l y  to the more r ecent  pe r i od .  The 
e a r l y  e x p l o r a t o r y  work i n v o l v e d  d i s t u r b i n g  s i t e s  of  s m a l l e r  
di mensi ons.  Of t en ,  these e a r l y  s i t e s  were b l a s t e d  out  of  
r ock  o u t c r o p s  where  t he  v e g e t a l  c o v e r  was p r o b a b l y  not  
g r e a t  to be g i n  w i t h .  E l s e w h e r e ,  t he  p i c k  and shove l  
oper a t i ons  could on l y  move a l i m i t e d  amount of  overburden.  
Today,  h o w e v e r ,  t he  p o t e n t i a l  i s  t h e r e  to c r e a t e  f a r  
g r e a t e r  d i s t u r b a n c e s .  W i t h  advanced t e c h n o l o g y ,  i t  has 
become e a s i e r  to move l a r g e  amounts of  m a t e r i a l  q u i c k l y .  
Use of  b u l l d o z e r s  has e n a b l e d  m i n e r s  t o e x c a v a t e  l a r g e  
areas in a r e l a t i v e l y  shor t  t i me .
I t  was o r i g i n a l l y  t h o u g h t  t h a t  l a r g e r  d i s t u r b a n c e s  
might  be l ower  in p l a n t  cover  due to the slow encroachment  
of  v e g e t a t i o n  f rom the p e r i p h e r y ,  but  t h i s  was not  found to  
be t he  case .  Th er e  a p p e a r s  to be no c o r r e l a t i o n  be t we e n  
s i z e  of  d i s t u r b a nc e  and v ege t a l  cover  except  in the e a r l y  
group where t he r e  was a somewhat p e r c e p t i b l e  t rend t h a t  as 
the s i t e s  got  l a r g e r ,  the per cent  cover  decreased.  These 
e a r l i e r  d i s t u r ba nc es  were not  r e v e g e t a t e d ,  as were many of  
the l a t e r  ones,  so s i z e  mi ght  be a more i mp o r t a n t  f a c t o r  
then the data seem to show.
The poor  c o r r e l a t i o n  was a l s o  due t o some e x t e n t  to  
the f a c t  t h a t  s i z e  cannot  be i s o l a t e d  f rom o t h e r  f a c t o r s .
77
Some of  the more h i g h l y  r e v e g e t a t e d  d i s t u r b a n c e s  appeared  
t o have been o n l y  l i g h t l y  s c r a p e d  w i t h  a b l a d e .  On t he  
o t h e r  hand,  some d i s t u r b a n c e s ,  such as some t r e n c h e s  or  
p i t s ,  wer e  so s i t u a t e d  as to c o l l e c t  and ho l d  w a t e r  
t h r o u g h o u t  t h e  summer ,  and had v e r y  l i t t l e ,  i f  any ,
v e g e t a t i o n  growing on them.
S o i l  £M ££d t e x t u r e .  The w e a k l y  a c i d  s o i l s  o f  I r o n  
Mountain seem to pr esent  no problem in pH or  in t e x t u r e .  
However ,  the sur f aces  of  the d i s t u r b e d  areas are composed 
most l y  of  rocks (mean cover  of  62%),  the rock s i z e  va r y i ng  
g r e a t l y  f rom p e b b l e - s i z e  to more than 8 inches in a t  l e a s t  
one di mensi on.  In c o n t r a s t ,  the und i s t ur be d  areas v i s u a l l y  
p r e s e n t e d  a more c o m p l e t e  v e g e t a l  c o v e r  on t h e  s u r f a c e ,  
t h i s  c o v e r  p r o t e c t i n g  an i n t a c t  l a y e r  o f  s o i l ,  however  
t h i n ,  d i r e c t l y  below.  On the Bear t oot h  P l a t e au  along the  
Wy omi n g - Mo nt a na  b o r d e r ,  Johnson and B i l l i n g s  ( 1 9 6 2 )  
r e c o r d e d  a mean o f  7.9% bar e  s o i l  or  r o c k  f r om t he  Geum
t u r f  c o mmu n i t y  t y p e ,  wh er e a s  s i t e s  w i t h i n  t he  same
commmuni t y  t y p e  but  r e c o r d e d  on d i s t u r b e d  I r o n  Mo u n t a i n
s i t e s  gave a mean o f  79% ba r e  s o i l  or  r o c k .  Geum t u r f  
( c u s h i o n  p l a n t )  was t he  most  common d i s t u r b e d  co mmun i t y  
type on I r on Mountain.  Al though some i n d i v i d u a l  speci es  
w i t h i n  t h a t  communi ty type on the two s i t e s  can be expected  
t o  be d i f f e r e n t ,  t he  wi de  d i s p a r i t y  i n  p e r c e n t  exposed  
s o i l / r o c k  i s  deemed s i g n i f i c a n t .
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THE RECOVERY PROCESS 
Ti me
Recovery w i l l  t ake a long t i me .  Even a f t e r  50 y e a r s ,  
s i t e s  in the study area had mi ni mal  v ege t a l  cover :  a mean
v a l u e  o f  12.4%.  A l t h o u g h  r e v e g e t a t i o n  was t a k i n g  p l a c e  
s l i g h t l y  more r a p i d l y  on s i t e s  w i t h i n  Deschampsi a  meadow 
communi ty types (14.4% cover ) ,  i t  was s t i l l  p a i n f u l l y  slow.  
When the d i f f e r e n t  communi ty types were separat ed out  over  
t i m e ,  the mi ddl e  age group in the cushion communi ty showed 
the h i ghe s t  cover  v a l ue ,  w h i l e  in the Deschampsi a  meadow 
t y p e ,  t he  h i g h e s t  c o v e r  v a l u e  was f o r  t he  young gr oup.  
T h i s  c o u l d  i n d i c a t e  t h a t  r e v e g e t a t i o n  r e a l l y  has made a 
d i f f e r e n c e  in t h i s  l a s t  communi ty.
G r i g g s  ( 1 9 5 6 )  and W i l l a r d  and M a r r  ( 1 9 7 1 )  i n d i c a t e  
t h a t  in a l p i n e  a r eas ,  c e n t u r i e s  w i l l  be needed f o r  compl ete  
r e h a b i 1 i t a t i  on .
Species
Qui t e  a few of  the n a t i v e  p l a n t  speci es p a r t i c i p a t e d  
in the e a r l y  stages of  r ecover y ,  i n c l u d i n g  many regarded as 
' c l i ma x '  s p e c i e s ,  a l t hough t h e i r  a c t ua l  cover  va l ues  may be 
l ow.  Many a l p i n e  p l a n t s  have a broad t o l e r a n c e  range and 
a r e ,  i n  f a c t ,  c l o s e l y  r e l a t e d  t o  m i d d l e - l a t i t u d e  weeds  
( P r i c e  1981) .  Brown et  a l .  (1976)  ment ion t h a t  on l y  about  
10% of  the n a t i v e  a l p i n e  f l o r a  of  the west ern Un i t ed  St a t es
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a r e  a c t i v e  n a t u r a l  c o l o n i z e r s .  Howe v e r ,  o f  a l l  p l a n t  
speci es c o l l e c t e d  on I ron Mount a i n ,  both on und i s t ur be d  and 
d i s t u r b e d  s i t e s ,  63% were found growing on d i s t u r b e d  s i t e s  
( t h i s  i n c l u d e s  s e v e r a l  s p e c i e s  i n t r o d u c e d  t o  t he  a r e a ) .  
This mi ght  i n d i c a t e  t h a t  over  t i me t he r e  i s  more of  a s h i f t  
in p e r c e n t  c o m p o s i t i o n  t han  in p r e s e n c e  o f  i n d i v i d u a l  
speci es t hemsel ves .  Some of  these speci es  showed aspect  
pr e f e r enc es  or were more i mp o r t a n t  in one communi ty type  
than in a n o t h e r ,  and t h i s  i n f o r m a t i o n  could be i m p o r t a n t  in 
r e v e g e t a t i o n  e f f o r t s .
I t  sh ou l d  be no t ed  t h a t  a l t h o u g h  t h e  most  s i t e  
f r e q u e n t  speci es  were a l l  n a t i v e s ,  speci es w i t h  the most  
cover  va l ues i nc l uded  the two i n t r odu ce d  s p e c i e s ,  meadow 
f o x t a i l  and red f e s c u e .  On t he  s i t e s  on wh i c h  t h e y  were  
found,  they  were a p p a r e n t l y  doing q u i t e  w e l l  in f u r n i s h i n g  
cover .  Meadow f o x t a i l  had a 26.2% s i t e  f r e q ue n c y  (occur red  
on 22 s i t e s ) ,  w i t h  t he  b e s t  s t a nd s  on t h e  c o o l e r  s l o p e s .  
The p l a n t s  g e n e r a l l y  were robust  and most had headed out  by 
e a r l y  summer.  An un de r s t o r y  of  n a t i v e  p l a n t  speci es  was 
e s s e n t i a l l y  m i s s i n g ,  due,  no doubt ,  to c o m p e t i t i o n  f o r  such 
e s s e n t i a l s  as s u n l i g h t  and moi s t ur e .  The p l a n t s ,  however ,  
appeared out  o f  p l ace  due to t h e i r  he i gh t .  Some were up to 
t h r ee  f e e t  t a l l ,  in a v e g e t a t i o n  type t h a t  i s  n o r m a l l y  onl y  
ankl e  high.
Red f e s c u e  had a h i g h e r  s i t e  f r e q u e n c y  ( 32 . 1%)  and 
seemed to do w e l l  on a d i v e r s i t y  o f  s i t e s .  H o w e v e r ,  no
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seedheads were observed.
I n t roduced speci es  o t he r  than meadow f o x t a i l  or  red 
f e s c u e  e i t h e r  d i d  no t  manage as w e l l ,  or  were b e i n g  
r epl aced by i ncoming n a t i v e s .  Smooth brome,  used in Uni t ed  
S t a t e s  F o r e s t  S e r v i c e  m i x t u r e s  up t o  1 9 75 ,  had an 11.9% 
s i t e  f r e q u e n c y  ( 1 0  s i t e s ) ,  b u t  n o w h e r e  o c c u r r e d  i n  
q u a n t i t y .  The best  s i t e  f o r  i t  was one l o ca t e d  a t  t r e e l i n e  
on a s o u t h w e s t  a s p e c t .  S l e n d e r  w h e a t g r a s s  ( A £  r o jd y r o n 
ca n i num) was found in on l y  a few s i t e s ,  and the phenology  
was f a r  b e h i n d  a n y  o f  t h e  o t h e r  p l a n t s ,  n a t i v e  or  
i n t roduced .  Seed heads were j u s t  begi nni ng to appear  at  
the end of  the summer f i e l d  season ( mi d- Sept e mber ) .
Many n a t i v e  p l a n t s ,  both g r a s s l i k e  speci es and f o r b s ,  
were oc c up y i n g  t he  d i s t u r b e d  s i t e s .  I t  i s  not  known,  
h o we v e r ,  how many o f  t h e s e  m i g h t  have been a r t i f i c a l l y  
seeded or t r a n s p l a n t e d .
Annual  weed i n f e s t a t i o n s  a r e  no t  a p r ob l e m i n  t h e  
a l p i n e  zone (Romo 1981) ,  where the shor t  growing season and 
cold c l i m a t e  are l i m i t i n g  to most annual s.  But one weedy 
p e r e n n i a l ,  common d a n d e l i o n ,  was ob s e r v e d  on s e v e r a l  
d i s t ur bances .  At t h i s  t i m e ,  however ,  i t  does not  appear  to 
c o n t r i b u t e  much cover  to the ve get a l  canopy.  Most l i k e l y  
i t  came in wi t h  cont ami nat ed  seed dur i ng the r e c l a m a t i o n  
pr oc e s s .
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Sequence
Cushi on c o mm u n U ^ .  In t he  c u s h i o n  p l a n t  c o mmun i t y  
(Tabl e  10) ,  red f escue ,  a r e c e n t  i n t r o d u c t i o n  to the a r ea ,  
was t he  most  i m p o r t a n t  p l a n t  i n  t h e  young age group.  
Meadow f o x t a i l ,  a l so a r e c e n t  i n t r o d u c t i o n ,  was i m p o r t a n t ,  
but  l ess so. These p l a n t s  were pr e s e nt  due to d e l i b e r a t e  
p l a n t i n g  by man. S c r i b n e r  w h e a t g r a s s  was t he  most  
i m p o r t a n t  n a t i v e  in t he  young g r o u p ,  bu t  o v e r  t i m e  i t  
seemed t o  p l a y  a l e s s  i m p o r t a n t  r o l e ,  as d i d  t h e  
b l u e g r a s s e s  and t u f t e d  h a i r g r a s s .  Sheep f e s c u e  and 
t w i n f l o w e r  s a n d w o r t ,  i m p o r t a n t  in t he  young g r o u p ,  a r e  
s t i l l  i m p o r t a n t  in t he  m i d d l e  age gr oup.  Howe v e r ,  t h e y  
d e c l i n e  a f t e r  t h a t .  S i l v e r y  l u p i n e ,  a f o r b ,  i s  t he  most  
i mp o r t a n t  p l a n t  in the mi ddl e  age group,  a l t hough i t s  cover  
val ue a l so decreases over  t i me .  The sedges,  on the o t her  
hand,  i n c r e a s e  in i m p o r t a n c e  i n t o  t he  o l d e r  age b r a c k e t .  
They ar e  t he  most  i m p o r t a n t  group o f  p l a n t s  in c l i m a x .  
Also g r a d u a l l y  i n c r e a s i n g  in i mpor t ance  are golden avens,  
v a r i l e a f  c i n q u e f o i l ,  Draba s p e c i e s ,  and spi ke woodrush.  In 
the c l i ma x  communi ty on the Bear t oot h  P l a t e a u ,  Johnson and 
B i l l i n g s  ( 1 9 6 2 )  found r o c k  sedge ( C a_ r e x r  ££e ŝ t  r  i_ ŝ ) and 
golden avens to be the two most common speci es .
meadow c o m m u n i t y .  In t he  Descha[n£si_a 
meadow c o mmu n i t y  t y p e ,  meadow f o x t a i l  was t he  most  
i m p o r t a n t  p l a n t  in t he  young age g r o u p ,  w i t h  red f e s c u e
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second.  In t he  m i d d l e  age g r o u p ,  t h e  n a t i v e  t u f t e d  
h a i r g r a s s  was the most i mp o r t a n t  p l a n t .  The sedges were 
a l s o  i m p o r t a n t .  In t he  o l d e s t  g r o u p ,  t he  b l u e g r a s s e s  
i n c r e a s e d  in i m p o r t a n c e .  Al ong w i t h  t h e  b l u e g r a s s e s ,  
a l p i n e  sagebrush ( A r t e mi si a sc o p u l o r u m) ,  spi ke woodrush,  
and American b i s t o r t  ( Polygonum b i s t o r t o i d e s ) i ncreased in 
i mpor t ance .  In the c l i ma x  communi ty,  however ,  the sedges 
were the most i mp o r t a n t  group,  w i t h  t u f t e d  h a i r g r a s s  a l so  
i m p o r t a n t .
CHAPTER VI
SUMMARY AND RECOMMENDATIONS 
E i g h t y - f o u r  m i n i n g - r e l a t e d  d i s t u r b a n c e s  on I r o n  
M o u n t a i n  wer e  l o c a t e d  and t hen e x a mi n e d  f o r  v e g e t a l  
r e c o v e r y  f o l l o w i n g  p e r t u r b a t i o n .  The p a r a m e t e r  used to  
d e t e r m i n e  r e c o v e r y  was c o v e r ,  measur ed  by t h e  p o i n t  
i n t e r c e p t  method o f  Levy and Madden ( 1 9 3 3 ) .  In o r d e r  t o  
p o s t u l a t e  what  f a c t o r s  were most c r i t i c a l  in the r ecover y  
p r o c e s s ,  t h e  s i t e s  were  a l s o  d e s c r i b e d  a c c o r d i n g  t o  a 
number ,  o f  v a r i a b l e s ,  i n c l u d i n g  a g e ,  p a r e n t  m a t e r i a l ,  
d i s t u r b a nc e  i n t e n s i t y ,  s i z e ,  per cent  s l ope ,  a s pec t ,  so i l  
t e x t u r e  and pH, and the general  sur roundi ng n a t i v e  p l a n t  
c o mmu n i t y .  The main t e c h n i q u e  used f o r  e v a l u a t i n g  t he  
r e s u l t a n t  data was c o r r e l a t i o n  a n a l y s i s  between d i f f e r e n t  
v a r i a b l e s ,  f a c i l i t a t e d  by use of  computer  programs.
N i n e t y - f o u r  p l a n t  s p e c i e s  were  c o l l e c t e d  f r o m t he  
d i s t u r b e d  s i t e s .  The mean o v e r a l l  c o v e r  v a l u e  f o r  a l l  
d i s t u r b e d  s i t e s  on I ron Mountain was 12.6%. When the s i t e s  
were separ a t ed  i n t o  d i f f e r e n t  communi ty t ypes ,  the cushion  
p l a n t  t y p e  had a mean c o v e r  v a l u e  o f  10.6%,  w h i l e  t he  
2£l£]L£!!lRli.§. meadow c o mmun i t y  t y p e  had 14.4% mean c o v e r .  
These v a l u e s  a r e  f a r  l o w e r  t han t he  v a l u e s  r e p o r t e d  by 
J o h n s o n  and B i l l i n g s  ( 1 9 6 2 )  i n  u n d i s t u r b e d  a l p i n e
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commun i t i e s .
Some of  the v a r i a b l e s  examined on the d i s t u r b e d  s i t e s  
showed very l i t t l e  or  no c o r r e l a t i o n  w i t h  cover  va l ues .  In 
t h i s  c a t e g o r y  woul d  be s i z e ,  s l o p e ,  ag e ,  and s o i l  pH and 
t e x t u r e .  H o w e v e r ,  s i n c e  most  s i t e s  had s i d e s  w i t h  
d i f f e r i n g  s l ope ,  s lope was d i f f i c u l t  to document ,  and the  
l ack  of  c o r r e l a t i o n  could be e x p l a i n e d  by t h i s .  L i k e w i s e ,  
a l ack  of  c o r r e l a t i o n  between cover  and age can p o s s i b l y  be 
ex p l a i ned  by where these s i t e s  were l o c a t e d  ( s o l i d  rock ,  
l a t e  snowbanks,  e t c . )  and the l a c k  of  s u f f i c i e n t  t i me  f o r  
the most r ece nt  s i t e s  to produce much f o l i a g e  even though 
the number of  new se e d l i ngs  mi ght  be high.
A few of  the v a r i a b l e s  showed some c o r r e l a t i o n  w i t h  
c o v e r  v a l u e s .  S i t e s  t h a t  had o n l y  been s c r a p e d  had a 
h i g h e r  o v e r a l l  c o v e r  v a l u e  ( 16 . 4%)  t han  t h o s e  s i t e s  more  
i n t e n s e l y  d i s t u r b e d  ( 1 0 . 8 %) .  The s u r r o u n d i n g  c o mmu n i t y  
type a l so showed some c o r r e l a t i o n  w i t h  c o v e r - - c u s h i o n  p l a n t  
s i t e s  were s l ower  to r ecov er  (10.6% cover )  than Deschampsi a  
meadow s i t e s  (14.4% c o v e r ) .  S i t e s  on we s t  a s p e c t s  had a 
hi gher  mean cover  va l ue  than those on o t he r  a s pe c t s ,  as did  
s i t e s  on u l t r a m a f i c  pa r e n t  m a t e r i a l  which i s  l ess  r e s i s t a n t  
than sur roundi ng rocks and forms the t e r r a i n  p r e f e r r e d  by 
Deschampsi a .
R e c ov e r y  i s  t a k i n g  p l a c e  on I r o n  M o u n t a i n ,  but  t he  
process i s  slow and may r e q u i r e  c e n t u r i e s  be f or e  the cover  
val ues are equal  to those on s i m i l a r  but  und i s t ur bed  a l p i n e
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t undra.  However,  having equal  cover  va l ues w i l l  not  mean 
n e c e s s a r i l y  t h a t  the p l a n t  communi t i es themsel ves w i l l  be 
s i m i l a r .  Several  a n c i l l a r y  concl us i ons  could a l so  be taken  
f rom the data c o l l e c t e d  on I ron Mountai n.
(1)  The v a r i e t y  of  speci es  c o l l e c t e d  on the d i s t u r b e d  
s i t e s  i n d i c a t e s  t h a t  n a t u r a l  r e v e g e t a t i o n  i s  o c c u r r i n g ,  
however ,  a r t i f i c i a l  r e v e g e t a t i o n  may i n c r e a s e  the speed of  
r e c o v e r y .  Rec o ve r y  seems t o  c o r r e l a t e  b e s t  w i t h  t he  
i n t e n s i t y  of  d i s t u r b a n c e ,  sur roundi ng p l a n t  communi ty,  and 
a s p e c t .
(2)  S i t e s  t h a t  s t i l l  had some r e s i d u a l  p l a n t  and s o i l  
m a t e r i a l  f o l l o w i n g  p e r t u r b a t i o n  r ecover  f a s t e r  than those  
scraped to rock and the s o i l / p l a n t  cover  l o s t .
(3)  Deschampsi a  meadow communi ty s i t e  types r ecover  
f a s t e r  t han c ush i on  p l a n t  c o mmun i t y  t y p e s ,  and p r o b a b l y  
f a s t e r  than snowbank communi ty t y pes .
(4)  S i t e s  on west  aspects  have a f a s t e r  r ecover y  r a t e  
than those on o t her  a s pe c t s .
(5)  Though hard to document ,  s t e e p e r  slopes appear  to 
be more d i f f i c u l t  t o r e v e g e t a t e  t han  s l o p e s  t h a t  a r e  
g e n t l e .
(6)  Reveget a t i on  e f f o r t s  are more l i k e l y  to succeed 
on the Deschampsi  a meadow s i t e s  than on the cushion p l a n t  
s i t e s ,  p r o b a b l y  due a t  l e a s t  p a r t i a l l y  t o  good w a t e r  
r e l a t i  ons .
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( 7 )  S i x t y - t h r e e  p e r c e n t  o f  a l l  t h e  p l a n t  s p e c i e s  
f ound on t he  s t u d y  a r e a  wer e  i n v a d i n g  t h e  d i s t u r b a n c e s .  
This i nc l ud e s  f o u r  p l an t ed  speci es i n t r o du c e d  to the ar ea .
(8)  Seven of  the 10 most i m p o r t a n t  speci es  ( accordi ng  
to cover  va l ue s )  were grasses or  g r a s s l i k e  p l a n t s .  Two of  
t h e s e  s p e c i e s ,  red f e s c u e  and meadow f o x t a i l ,  were  
i n t r o d u c e d .
( 9 )  I t  i s  u n c l e a r  f r om t h e  d a t a  i f  t he  v e g e t a t i o n  
d i f f e r e n c e s  on s i t e s  o f  d i f f e r e n t  ages a r e  r e l a t e d  to  
success i ona l  p a t t e r n s .
RECOMMENDATIONS
Si te  Repai  r
Recontour  s i t e s  to o r i g i n a l  shape i f  po s s i b l e .  Save 
t o p s o i l  and sur f ace  mat ,  i f  p o s s i b l e ,  and r e p l a c e .
Species S e l e c t i o n
Nat i v e  vs. i n t r oduced  s p e c i e s . Many n a t i v e s  and two 
i n t r o d u c e d  s p e c i e s  a p p e a r  t o  be d o i n g  w e l l  on I r o n  
Mount a i n ,  a l t hough the h e i gh t  of  meadow f o x t a i l  makes i t  
a p p e a r  o u t  o f  p l a c e .  H o w e v e r ,  t h e  i n t r o d u c e d  s p e c i e s ,  
c ompar a t i v e  newcomers to the s i t e ,  s t i l l  need mon i t o r i ng .  
Seeds o f  i n t r o d u c e d  p l a n t s  a r e  u s u a l l y  ea sy  to o b t a i n ,  
cheap,  and the f e r t i l i z e r  r e q u i r e me n t s  are known, and i t  i s  
expected t h a t  a t  l e a s t  some r e c l a m a t i o n  work w i l l  cont i nue  
t o be done w i t h  t hem.  H o w e v e r ,  i n  t h e  r e v e g e t a t i n g  o f
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d i s t u r b e d  ar eas ,  the p r i m a r y  concern i s  p l a n t  e s t a b l i s h m e n t  
and s u r v i v a l  w i t h  mi ni mum m a i n t e n a n c e  (Kenny and Cuany  
1978) .  I t  i s  recommended t h a t  the l o n g - r a nge  goal  be the  
r e c l a ma t i o n  of  s i t e s  w i t h  n a t i v e  s p e c i e s ,  even i f  t h i s  i s  
achi eved by f i r s t  p l a n t i n g  e x o t i c s  w i t h  subsequent  i nv a s i on  
by n a t i v e s ,  assumi ng  t he  e x o t i c s  do n o t  c o m p e t i t i v e l y  
i n h i b i t  c o l o n i z a t i o n  by n a t i v e  speci es .
I ndi  vi  dual  s p e c i e s . Successful  r e h a b i l i t a t i o n  w i l l ,  
i n l a r g e  p a r t ,  depend on r e c o g n i t i o n  o f  t h e  s p e c i a l  
p h y s i o l o g i c a l  and mor phol og i ca l  f e a t u r e s  of  a l p i n e  p l a n t s  
i n  t he  s e l e c t i o n  o f  a d a p t e d  s p e c i e s .  These f e a t u r e s  
i nc l ude  p e r e n n i a l s  of  low growth f o r m,  drought  r e s i s t e n c e ,  
asexual  r e p r o d u c t i i o n ,  a b i l i t y  to grow and reproduce under  
t he  l i m i t i n g  a l p i n e  c l i m a t e ,  and l o n g e v i t y  (Brown and 
J ohnst on  1 9 7 9 ) .  Some o f  t he  s p e c i e s  p r e s e n t l y  showi ng  
p r o m i s e  on I r o n  M o u n t a i n  a r e  f o u n d  i n  T a b l e  13.  
Rec ommenda t i ons  f o r  t he  two i n t r o d u c e d  s p e c i e s  ar e  
t e n t a t i v e  u n t i l  i t  i s  c e r t a i n  t h a t  n a t i v e s  can compet e  
s u c c e s s i v e l y  wi t h  them.  Ar e na r i a  o b t u s i l o b a  i s  l i s t e d ,  but  
because o f  the d i f f i c u l t y  in c o l l e c t i n g  seed f rom such a 
smal l  p l a n t ,  i t s  use w i l l  be l i m i t e d .
Future Study Problem Recommendations
( 1 )  C o m p a r i s o n  o f  I r o n  M o u n t a i n  u n d i s t u r b e d  
v e g e t a t i o n  w i t h  Johnson and B i l l i n g s '  communi t i es  and I ron
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moist north and east aspects
cool north aspects
west, south and east aspects
cool north aspects
warm south aspects
south and west aspects
warm west aspects 
west and south aspects
*species introduced to the area
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Mountain d i s t u r b e d  s i t e s .
( 2 )  M o n i t o r  i n t r o d u c e d  s p e c i e s  p e r f o r m a n c e s  o v e r  
t i me ,  and see i f  t h e r e  i s  i n v a s i on  of  the s i t e  by n a t i v e s .
(3)  Study the l i f e  h i s t o r i e s  of  n a t i v e  p l a n t s  which 
show promise in r e c l a m a t i o n .
(4)  Study the g e n e t i c  v a r i a t i o n  between those p l a n t s  
growing on d i s t u r b e d  s i t e s  and those on a d j a c e n t  s i t e s .
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Scientific  name
Abies lasiocarpa (Hook) Nutt
Achillea mi 11efolium L 
var. lanulosa
Agoseris glauca (Pursh) Raf
Agropyron caninurn (L) Beauv 
ssp. majis (Vasey) Hitchc 
var. latiglume (scribn & Smith) 
Hitchc*
A. scribneri Vasey 
Agrostis v a r ia b il is  Rydb 
Alopecurus alpinus Smith 
A. pratensis L*
Anaphalis margaritacea (L) B & H
Androsace lehmanniana Spreng
A. septentrionalis L
Anemone drummondi i Wats
A. multifida Poir
var. tetonensis (Porter) Hitchc
Antennaria lanata (Hook) Greene
A. umbrinella Rydb
Aquilegia jonesi i Parry
Arabi s drummondi i Gray
Disturbed s ite  
occurrence






Alpine fo x ta il  yes
Meadow fo x ta il yes














v a r .lithophila  Rydb Ball head sandwort yes
A. n u t ta l l i i  Pax Nuttall sandwort no
A. obtusiloba (Rydb) Fern Twinflower sandwort yes
A. rossii R.Br.
var. apetala Maquire Ross sandwort yes
Arnica 1a t i fo l ia  Bong Broadleaf arnica no
A. mollis Hook Hairy arnica no
A. rydbergii Greene Rydberg arnica no
Artemisia scopulorum A. Gray Alpine sagebrush yes
Aster alpi genus (T & G) Gray Alpine aster yes
A. foliaceus Lindl Alpine leafybract aster yes
Besseya wyominqensis(A.Nels) Rydb Wyoming k it te n ta ils  no
Bromus inermi s Leys* Smooth brome yes
Calamagrostis purpurascens R.Br. Purple pinegrass yes
Caltha leptosepala DC
var. leptosepala E lkslip marshmarigold yes
Campanula rotundifolia L Harebell yes
C. uni f lo ra  L Arctic harebell no
Carex albonigra Mack Black and white sedge no
C. atrata L Blackened sedge no
C. breweri Boott Brewer's sedge no
C. capitata I  Capitate sedge no
C. elynoides Holm Blackroot sedge no
C. haydeniana Olney Cloud sedge no
C. i 11iota Bailey Sheep sedge no
C. leporinella Mack Sierra-hare sedge yes
C. nigricans Retz Black alpine sedge no
C. nova Bailey New sedge no
C. paysonis Clokey Payson sedge yes
C. phaeocephala Piper Dunhead sedge yes
C. pyrenaica Wahl Pyrenea sedge yes
C. raynoldsii Dewey Raynolds sedge no
C. rupestris All Curly sedge yes
C. scirpoidea Michx Canada single-spike sedge yes
C. scopulorum Holm C l i f f  sedge no
C. spectabilis Dewey Showy sedge no
Cassiope mertensiana (Bong) Don Mertens cassiope no
C astil le ja  pulchella Rydb Showy Indian-paintbrush yes
Cerastium arvense L Starry cerastium no
Cirsium tweedyi (Rydb) Petr Tweedy's th is t le yes
Claytonia lanceolata Pursh 
var. lanceolata Lanceleaf springbeauty yes
Danthonia intermedia Vasey Timber danthonia no
Deschampsia cespitosa (L) Beauv Tufted hairgrass yes
D. atropurpurea (Wahl) Scheele Mountain hairgrass yes
Dodecatheon pulchellum 
(Raf) M errill Darkthroat shootingstar yes
Draba densifolia Nutt N u t ta l l ' s draba no
D. incerta Pays Yellowstone draba yes
D. lanceolata Royle Lanceolate draba yes
D. oligosperma Hook Snowbank draba yes
Dryas octopetala L Mt. Washington dryad yes
Epilobium alpinum L Alpine willow-weed yes
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Eriqeron compositus Pursh Fernleaf fleabane yes
E. ochroleucus Nutt
v a r .scribneri (Canby) Cronq Buff fleabane no
E. rydbergii Cronq Rydberg's daisy yes
E. simplex Greene One-flower fleabane yes
E. peregrinus (Pursh) Greene Peregrine fleabane yes
E. ursinus DS Eat Bear River fleabane no
E ritr ic h i urn nanurn (Vi 11) Schrad Pale alpine forget-me-not yes
Festuca ovina L
var. b rev ifo lia  (R.Br. )  Wats Sheep fescue yes
F. rubra L* Red fescue yes
Frasera speciosa Dougl Showy frasera yes
Gentiana algida Pall Romanzoff gentian no
Geum rossii (R.Br. )  Ser Golden avens yes
Hesperachloa kingii (Wats)
Ryd Spike fescue no
Hieraciurn gracile Hook Slender hawkweed yes
Hypericum formosum H.B.K.
var. nortoniae (Jones) Hitchc Southwestern St. Johnswort no
Juncus drummondii E. Meyer Drummond rush yes
J. mertensianus Bong Mertens' rush yes
J. parryi Engelm Parry rush yes
Kalmia microphylla (Hook) Heller Alpine laurel no
Ledum glandulosum Nutt Western Labrador tea no
Lewi si a pygmaea (Gray)
Robbins in Gray Least lewisia yes
Lloydia serotina (L) Sweet Common a lp l i ly  no
Lomatium cous (Wats) Coult & Rose Cous biscuitroot no
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Lupinus argenteus Pursh
var. depressus (Rydb) C.L. Hitchc
Luzula parviflora Desv
L. spicata (L) DC in DC & Lam
Mertensia alpina (Torr) G.Don





Penstemon procerus Dougl 
ex. R. Grab
Phleum alpinum L
Phlox pulvinata (Wherry) Cronq
Phyllodoce empetriformis( S.W. )Don
P. glandiflora (Hook) Cov
Picea engelmanni i Parry





var. e p il is  (Scribn) Hitchc
P. fendleriana (Steud) Vasey




M il le t  woodrush yes
Spike woodrush yes
Alpine bluebells yes
Alpine mountain sorrel yes


















American b is to rt yes
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P. viviparum L Viviparous b is tort yes
Potentilla  d ivers ifo lia
Lehm var perdissecta (Rydb)Hitchc Varileaf cinquefoil yes
P. fruticosa L Bush cinquefoil yes
Ranunculus eschscholtzii Schlecht Eschchsoltz buttercup yes
Ribes lacustre (Pers) Poir Prickly current no
Rumex paucifolius Nutt Mountain sorrel yes
Sagina seqinoides (L) B r i t t  Arctic pearlwort no
Salix arctica Pall Arctic willow yes
S. glauca L Grayleaf willow yes
Saxifraga arguta D.Don Brook saxifrage no
S. bronchial is L Yellowdot saxifrage no
S. oregana Howell
var. subpetala (E.Nels) Hitchc Oregon saxifrage no
S. rhomboidea Greene Diamondleaf saxifrage no
Sedum lanceolatum Torr Wormleaf stonecrop yes
S. rhodanthum Gray Rosecrown stonecrop no
S. roseum (L) Scop Roseroot stonecrop no
Senecio canus Hook Woolly groundsel yes
S. cymbalariodes Buek Alpine meadow butterweed yes
S. freemontii T & G Freemont groundsel yes
S. triangularis Hook Arrowleaf groundsel no
Sibbaldia procumbens L Creeping sibbaldia yes
Silene acaulis L Moss silene yes
S. parryi (Wats) Hitchc & Mag Parry silene yes
Solidago multiradiata A it Northern goldenrod yes
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Spraquea umbel lata  Torr
S te lla r ia  calycantha (Ledeb)Bong
S. umbel!ata Turcz
Swertia perenni s L
Taraxacum o ff ic in a le  Weber*
T r i fo l i  urn parryi Gray
Trisetum spicatum (L) Richt
Trollius laxus Salisb
Vaccinium scopari urn Lei berg
Veronica wormskjoldii R & S
Viola adunca J.E.Smith





Alpine bog swertia 
Common dandelion 
Parry clover 

























Selaginella densa Rydb 
Thamnolia vermicularis
Compact selaginella yes
*  species introduced to the area
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APPENDIX B
Soil pH and Texture
Site pH Texture Site pH Texture
1 4.5 loam 44 5.0 fine s i l t y  loam
2 5.0 loam 45 6.0 loam
3 5.0 loam 46 4.5 loam
4 5.0 loam 47 5.0 loam
5 5.0 loam 48 6.5 loam
6 4.5 clayey loam 49 6.5 loam
7 4.5 loam 50 6.5 loam
8 5.0 loam 51 6.0 loam
9 4.5 loam 52 5.0 loam
10 5.0 loam 53 5.0 loam
11 4.5 loam 54 5.5 loam
12 4.5 loam 55 5.0 loam
13 4.5 loam 56 6.0 loam
14 5.0 loam 57 7.0 loam
15 5.0 loam 58 6.5 loam
16 5.5 loam 59 5.0 loam
17 4.5 loam 60 5.5 loam
18 5.5 loam 61 5.5 loam
19 5.0 loam 62 5.0 loam
20 5.0 loam 63 4.5 clayey loam
21 4.5 loam 64 5.5 loam
22 5.0 loam 65 5.5 loam
23 5.0 fine s i l t y  loam 66 6.5 loam
24 5.5 loam 67 6.5 loam
25 5.5 loam 68 5.5 loam
26 5.0 loam 69 6.0 loam
27 5.5 fine s i l t y  loam 70 6.5 clayey loam
28 5.5 coarse loam 71 6.0 coarse loam
29 5.0 loam 73 5.0 fine s i l t y  loam
30 5.0 loam 74 5.5 loam
32 6.0 loam 75 5.5 loam
33 5.0 loam 76 7.0 loam
34 4.5 clayey loam 77 7.0 loam
35 4.5 loam 78 4.5 fin e  s i l t y  loam
36T* 5.5 loam 79 5.0 loam
36M 5.0 fine s i l t y  loam 80 5.0 loam
36B 6.0 coarse loam 81 6.0 loam
37 5.0 loam 82 5.5 loam
38 5.5 loam 83 5.5 loam
40 5.5 loam 84 5.5 loam
41 5.5 loam 85 5.0 fine s i l t y  loam
42 5.0 coarse loam 86 5.5 loam
43 5.0 loam 87 7.0 coarse loam
*T = top of slope 
M = middle of slope 
B = bottom of slope
